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REQUEST FOR TRADEMARK REVIEW >7

To: Labeling and Nomenclature Committee
Attention: Dan Boring, Chair (HFD-530), 9201 Corporate Blvd, Room N461

% .
Division of Gastrointestinal and Coagulation Drug Products , HFD-180

Attention: Brian Strongin Phone: (301) 443-0483 4

Date: January 21, 1998
Subject: . Request for Assessment of a Trademark for a Proposed New Drug Product]
Proposed Trademark: Ferrlacit @ Injection NDA# 20-955 "
Established name, including dosage form: Sodium fetric gluconate complex in $ucrose ]
injection

Other trademarks by the same firm for companion products: None *

Indications for Use (may be a summary if proposed statement is lengthy): Ferrlecit®

is indicated as first line treatment for iron deficiency anemia in renal hemodialysis
| patients on suppiemental recombinant human erythropoietin.

Initial Comments from the submitter (concerns, observations, etc.): No concerns at
this time.
: gs of th mittee are scheduled Tor he 5T uesday of the month, Please

submit this form at least one week ahead of the meeting. Responses will be as timely as

From:

cc: Original 20-955; HFD-180/division file: HFD—IBO/B.SLrongin; HFD-180/R .Frankewich

Rev. December 95
: APP}iARs THIS WAY ON ORIGINAL




E. osult #957 (HFD-180)

i RRLECIT -- sodium ferric gluconate complex in sucrose injection

13

! The Committee noted sound-alike/look-alike conflicts between FERRLECIT and
¥+ - following marketed products: FERRALETS and FEROLIX. The committee felt
there was a low potential for mix-up with this product since they have different strengths,
¥ 4nd indications. There were no misleading aspects found.

E However, if this product is a true complex that behaves as a single entity, it is
Rre ommended that the sponsor seek a USAN for the complex.

The Committee has no r;asoﬁ to find the proposed proprictary name unacceptable.
/58 . chas

CDER Labc'l'ﬁ:[ﬁjaﬁn_d Nomenclature Committee

APPEARS THIS WAY
ON ORIGINAL
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i ORIGINAL
Hlﬁ NEW CORRESP

Jur Strobos V

202/331-3150

February 24, 1 998

Dr. Lilia Talarico
Division of Gastrointestinal & Coagulation Drug Products ._
PKILN 6B45 HFD-180 '

Center for Drug Evaluation and Research
Food and Drug Administration

5600 Fishers Lane

Rockville, MD 20857

: FEB26199
N\, vmmes B

Application: NDA 20-955 -

Ferrlecit® (sodium ferric-gluconate complex in sucrose) Injection
R&D Laboratories, Inc. - h e '
Amendment 003

Dear Dr. Talarico:

This amendment requests a categorical exclusion from the requirement to submit an

environmental assessment (EA) per 21 C.F.R. § 25.31(b). Further, on behalf of my client, R&D

Laboratories, Inc., we request that the abbreviated EA submitted with NDA 20-955 be

withdrawn, T

The expected introduction concentration (EIC) entering into the aquatjc epvironment from patient

use, assuming all drug substance produced is used, is approximately ppb which is will be
ppb limit for eligibility for categorical exclusion under 21 C.F.R. § 25.31(b).

Thank you for your assistance.

Sincerely,

Jur Strobos

CaEEnpsRe TRavRic Horruwan Lirorr RosEn & QUENTEL
A ParTNIxsair ov ProFessionat Conronations
1300 CONNECTICUT AVENUE, N. W,
WasmiNcTON, D.C. 20036
202-331-3100 Fax 202.331-3101
MiaM1 FORT LAUDERDALE WEST PaLM BEACE TALLAHASSEE OxLaNDO
New Yorx Wasuincron, D.C.

™




NDA 20-955

R & D Laboratories, Inc.
Attention: Rhoda Makoff, Ph.D.
4640 Admiralty Way, Suite 710
Marina del Rey, CA 90292

Dear Dr. Makoff:

Please refer to your new drug application (NDA) dated December 30, 1997, received
December 30, 1997, submitted under section S05(b) of the Federal Food, Drug, and
Cosmetic Act for Ferrlecit® (sodium ferric gluconate complex in sucrose injection)
62.5 mg/5ml.

We acknowledge receipt of your submissions dated, December 30, 1997, January 7, 16,
23, 26, and 28, February 5, 6, 9, 13, and 24, March 9, and 12, April 6, 15, 17, 28, and 29,
May 8, 9, and 21, and Jupe 2,9, and 16, 1998,

The user fee goal date is June 30, 1998.

We have completed the review of this application as submitted with draft labeling and it
is approvable. Before the application may be approved, however, it will be necessary for
you to submit the following information:

emistry, Manufacturin d Controls

I. Dyri t inspection of the|
mpmduct manufacturing facility for your NDA, a number of
deficiencies were noted and conveyed to you or your suppliers by the inspector.

Satisfactory inspections will be required before this application may be approved.

2. The stability data submitted does not support the proposed expiration date of 36
months. Data to support the expiration date must come from the primary stability
batches, that is, the data that include the full battery of current specifications.

Data from batches 7H791, TH792, and TH829 meet these i ts; however,
only three months real-time &M has been
submitted. If it could be shown y statistt ysis that specifications for a]l

parameters were likely to be met after twelve months for all batches, then a
recommendation for a 12-month expiration date might be possible; data from the
other batches (TH40963, 4L0321, 410319, 4P0428, and 5B219) could then be
used to support this. However, linear regression analysis of the data submitted
from the pri batches indicates that for several parameters
the projected expiration date 1s ort of

twelve months,
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10.

Please submit available stability data and provide linear regression analysis of
batches 7H791, 7H792, and 7H829 using the SAS program. A hew expiration
date should be proposed based on this data. The data from the other batches
should be used as a confimation of the Proposcd new expiration date.

condition of storage of diluted drug product is needed. Dilution stability studies
should be conducted to generate this data.

Itis noted, in the validation experiments for the I o, o
rocedure was applied to a laboratory prepared sample of the formulatio
ﬂ titre obtained was the same as that for the blank. Clarification of

In the validation of linearity in the method for- the procedure was
performed on aliquots of different size taken from a Ferrlecit® sample, Clarify

whe not all of these samples were diluted to the same volume before the
ﬂprocedure was performed, and if they were, what the diluent was.

mathematical equation is generated for the calibration curve, it should also be

described,

the determination offS I cor
was achieved. Lot No, 66721, which
e arently is a typical batch of

Regarding the validation of
accuracy: clarify how the
was the Ferrlecit® lot used for the experi
Ferrlecit®, with a nominal

Provide the validation of the specificity of th method. Please
provide a discussion of possible interferants with this method, and how this
method would serve to ensure that the analyte is properly separated from them. If

Regarding the demonstration of linearity for th_Method:
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a. Demonstrate linearity with a minirum of five (5) concentrations.
b “Please provide aplot of the data. ~— - -

1L

ta provided for the] i

provided. No indication is provided regarding what the
retention time, shape or capacity factor of the is. Submit
of some of the runs described wy the data. | -

12. In the validat

ethod for NI no

In addition, it will be necessary for you to submit fina) printed labeling (FPL) for the
drug. The labeling should be identical in content to the enclosed marked-up draft
labeling. Please note that, although no fatal anaphylactic reactions have been reported
with Ferrlecit®, the professional labeling should retain the boxed warning associated. with

It will also be Decessary for you to revise the immediate container and carton labeling
submitted April 6, 1998 as follows:

Foil-on-Tray Labe] | -
Please add the following information to the foil-on-tray label:

1. the name and place of business of the manufacturer, packer, or distributor;
2 the statement “Rx Only™;

3. a statement of the usual or recommended dosage or a statement such as “See
package insert for dosage information™;

4 the established names and quantities of inactive ingredients;
5. placement of an identifying lot or control number;

6. placement of an expiration date;

7. and a statement of the appropriate storage conditions.
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Ampule Label
Please add the following information to the ampule label;

1. the statement “Rx Only™;

2 the established names ang quantities of inactive ingredients;
3. placement of an identifying lot or control number;

4, placement of an expiration date;

5. and a statement of the ppropriate storage conditions,

Please submit 20 copies of the printed labels and other labeling, ten of which are
individually mounted on heavy-weight paper or similar material,

If additional information relating to the safety or effectiveness of this drug becomes
available, revision of the labeling may be required.

Under 21 CFR 3 l4.50(d)(5)(vi)(b), We request that you update your NDA by submitting
all safety information you now have regarding your new drug. Please provide updated
information as listed below:

1. Retabulate al| safety data including results of trials that were still ongoing
at the time of NDA submission. The tabulation can take the same form as
in your initial sybmission, Tables comparing adverse reactions at the time
the NDA was submitted ¥$ now will certainly facilitate review.

2 Retabulate drop-outs with new drop-outs identified, Discuss, if
appropriate,

3. Provide details of any significant changes or findings, if any.
4. Summarize worldwide experience on the safety of this drug.

5. Submit case report forms fo: each patient who died during a clinical study
or who did not complete a study because of an adverse event.
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Although not required for approval, we request that you provide the following at your
earliest convenience:

1. Regarding the dialysis experiments done to elucidate the role ofFi.n
Ferrlecit®, indicate whether or not the removal of the sucrose fo ows a linear
pattern over time. Please provide data which shows the removal rate.

2. Certificates of Analysis (COAs) are provided for three lots of Sucrose BP Gran;
these are identified as RPR Jot nos. 9402939, 9403015, and 9710881. The COAs
indicate that the full battery of tests were not performed on lots 9402939 and

5. In both cases, the following tests were omitted: Conductivity; Foreign

Loss on Drying (LOD); and Bacterial Endotoxins, Please: 1) explain the

circumstances under which the full battery of tests will be performed; and 2)

Justify a raw material { testing scheme that does not require the full battery of tests

- ~oneachbatch.: . - o i - - S

3. Quality Control Specification forfJijJJJ|
which is provided on pg. 169 of Volume 1.2 of the
pplication, the assay value is“o However, on both of the
, the specification for the assay

COAs for two diffe i
value is given as Please clarify this, and please ensure
that all documen pertaining to the testing of this raw material are consistent.

4. Provide a description of the drug product sampling plan for product release
testing. The description should include: T

. the number of units produced per batch;

J the number of units subjected to finished product testing;
a description of the process by which the units are sampled (i. e. is it
governed by statistical considerations or is jt random; are samples
selected at certain points during production such as beginning, middle,
end, etc.);

. and a description of the process by which the number of units subjected to
finished product testing is chosen.

5. [n the summary table of Regulatory Specifications and Analytical Methods
provided o Volume 1.2 of the Application, one of the tests listed is
Identity -w The specification for this parameter is and it
is listed as being among the methods in document R7858. In the document
R7858, which is provided starting on page 11 of Volume 1.3 of the application,
this test and specification are not listed. 'Wethod procedure for the

Identity test, given in the same documen is assessed qualitatively,
but not quantitatively. An explanation should be provided.
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6. Regarding the method for determination of weight per mL, describe how the
sample temperature is maintained in the syringe used to inject the sample and in
the instrument after sample injection,

7. Regarding the procedure for_ Please clarify the role of starch. Please
confirm that: 1) the endpoint of this titration is a clear solution; and 2) that
starch is used not as an indicator, but as a color enhancement agent for the species
being titrated (iodine). If the above is not the case, then please provide a complete
description of the chemical reactions involved in this procedure.

acceptance specifications and methods for ampoules provided in Appendix
B.6.3.2 (pp. 265-272 of Volume 1.2), for the Visual Inspections for Defects test, a
i ing and inspection Plan based on BS 6001 (which is equivalent to
based on-lcvels) is provided. Please clarify whether or not

detailed sampling and analysis plan, as described in th.peciﬁcations and

9. It is recommended that the storage statement be changed to "Store at 25 °C (68
°F); excursions Permitted to 15.30 °C (59-86 °F). See USP Controlled Room
Temperature. "

Within 10 days after the date of this letter, you are required to amend the application,
notify us of your intent to file an amendment, or follow one of your options under 2]

The drug product may not be legally marketed unti} you have been notified in writing that
the application is approved.
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If you have any questions, contact Brian Strongin, Project Manager, at (301) 443-0483.

Office of Drug Evaluation ITT
Center for Drug Evaluation and Research

ATTACHMENT
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Jur Strobos
202/518-6377

February 8, 1999

Lilia Talarico, M.D.

Director

Division of Gastrointestinal and Coagulation Drug Products
Office of Drug Evaluation IIT

Center for Drug Evaluation and Research

U.S. Food and Drug Administration

5600 Fishers Lane e

Rockville, MD 20857

NDA # 20-955

R&D Laboratories, Inc,

Ferrlecit® (ferric sodium gluconate complex in sucrose in jection)
Correspondence

Dear Dr. Talanico:

Thus letter responds to FDA's request for commitment to specific post-approval submissions
rclating to the chemistry section. This letter represents a commitment to those requirements.
More specifically, R&D Laboratories, Inc., commits to clarification of the identified isspes with
regard to calibration for the Apparent Molecular Weight Assay and with regard to packaging
component test procedures.

Additionally, we commit to prior approval submission, as a supplemental application, of any
initial expiration extension supported by new stability data available (o support such extension of
the 12 month expiry. The above-referenced NDA contains an approved stability protocol within
the meaning 21 C.F.R. § 314.70(d)(5). We understand that FDA will review these data
expeditiously given the difficulty that a small business entity may have in marketing a drug
product with !2-month expiry. We understand that FDA will be abje to provide a response
within four months of submission.

Sincerely,

{
o

Jur Strobos, MD




R&D Laboratories, Inc.
45640 Admiralty Way, Suire 710
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December 30, 1998 {4 :
Lilia Talarico, M.D, ;
Director _
Division of Gastrointestinal and Coagulation Drug Products
Office of Drug Evaluation I

Center for Drug Evaluation and Research
U.S. Food and Drug Administration
5600 Fishers Lane

Rockville, MD 20857

NDA # 20-955

R&D Laboratories, Inc.
Ferrlecit® (ferric sodium gluconate complex in sucrose injection)
Amendment # 24

{- . DearDr. Talarico:
This letter responds to FDA’s request of November 2, 1998, for commitment, in writing, to

specific post-approval phase IV studies and anticipated timeframes for Initiation and completion
of studies as well as the anticipated time of submission of a fina study report.

(5) subsequent IRB submission, review, and approval of final protocols is timely and
uncomplicated; (6) FDA does not require any waiting period before initiation of the study after
final filing to IND (7) under the final protocol inclusion and exclusion criteria,
sufficient patients are enrolied in a timely fashion to mest anticipated deadlines; and, (8)
specifically with regard to pediatric studies, a Written Request for Pediatric Studies is received
before approval if such a request letter is deemed Decessary to entitle R&D Laboratories, Inc., to
$ix months ot exclusivity related to pediatric studies or FDA confirms that the reguest in the
November2 letter meets statutory criteria for such exclusivity.

R&D Laboratories, Inc., hereby, commits in writing to the performance of the following studies

as cnumerated and described below: %7@

: ~ BRIGINAL |
———
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1 A Segment I intravenous fertility and reproductive performance study in the rat,

This study will consist of three treatment groups and 1 vehicle control group (26 rats per sex per
group). The test article will be administered intravenously as a single daily dose at
approximately the same time each day. Dose levels for this study will be 1, 5, and 10 mg Fe/kg.
These doses are based on the resuits of previous Segment IT and III studies. - Test article
administration to males will begin 28 days prior to mating and continue until euthanasia,
Administration to fernales will begin 14 days prior to mating and continue through Day 7 of
gestation (implantation). The fermnales will be paired with males from the same dose group and
observed daily for evidence of copulation which will be day 0 of gestation. The duration of the
study will be approximately nine weeks. Observations for clinical signs, body weights, and food
consumption measurements will be recorded during the study period. Beginning 10 days prior to
mating, the females will be examined daily to evaluate estrous c¢ycling. Uterine examinations of
dams will be performed on Day 13 of gestation. Gravid uterine weight and the weight of the
ovaries will be recorded. Total number of corpora lutea and implantations, location of early and
late resorptions, and viable and nonviable embryos will be recorded. Following disposition of
fernales, males will be euthanized and subjected to necropsy, and any findings will be recorded.
The testes and epididymides will be weighed, and analysis of sperm (concentration, motility, and
morphology) will be performed. Reproductive organs and gross lesions will be fixed for
possible microscopic evaluation.

Study Initiation . No later than two months following approval

Study Completion; Submission of Final Report | No later than nine months following initiation

In Amendment #23, dated Decembrer 28, 1998, we have already provided a more complete
description of the proposed study ‘or FDA review and comment, as requested in the FDA letter
of November 2, 1998, before submission of 2 final protocol to IND #

2 A 13 week intravenous subchronic toxicity study in the dog.

There are limited data available in the dog on which to select doses for the 13 week study.
Previous studies suggest that the LDs, is approximately 262 mg/kg. Initially, a range finding
study will be performed with an initial dose level of 100 mg Fe/kg,

a. Range Finding Study

This study will consist of one treatment group (2 males and 2 females). The test article will be
dosed intravenously to each animal at an initial level of 100m Fe/kg. Observations for clinical
signs, body weights, and food consumption will be measured. Two or three days later, the dogs
will be redosed at a specified level either higher or lower than the injtial dose, depending on the
results noted following the first dose. This pracedure (dosing the one group of dogs with
successive doses every 2-3 days) will continuz until a maximum tolerated dose is achieved.
Then, all four dogs will be dosed for seven consecutive days at a suitable dose level. Blood
samples will be collected at specified intervals, and plasma sent for analysis of drug
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concentrations. Gross necropsies will be performed on all animals found dead and on animals at
scheduled and unscheduled sacrifice.

b. Intravenous Toxicity Study B
Following completion of the aforementioned study, this study will consist of 3 treatment groups
and I control group (3 animals/sex/group). The test article will be dosed intravenously for 9]
consecutive days. Observations for clinical signs, body weights, and food consumption will be

Study Initiation No later than two months following approval

Study Completion; Submission of Final Report | No later than ten months following initiation

In Amendment #23, dated December 28, 1998, we have already provided a more complete
description of the proposed studies for FDA review and comment, as requested in the FDA letter
of November 2, 1998, before submission of a fina] protocol to IND #

3. A pilot human pharmacokinetic study of Ferrlecit®,

g We hereby commit to the performance of the study protocel, entitled “Open-Label, Dose
( Ranging Study to Determine the Single-Dose Pharmacokinetics of Fertlecit® (Sodium Ferric
Gluconate Complex in Sucrose Injection) Following Intravenous Administration to Healthy, Iron
Deficient Volunteers,” submitted for FDA review and comment as art of Amendment #23,

dated December 28, 1998, and before submission to IND This study is henceforth

identified as FER9801.

Study Initiation No later than three months following approval

Study Compietion . No later than two months following initiation

Final Report Submission No later than three months following study
completion

4. A study to determine the optimal dosing regimen for Ppatients requiring repeated courses of
Ferrlecit for the achievement of iron repletion and for the maintenance aof iron repletion.

We hereby commit to the following study, subject to ongoing consultation on endpoints and
dosing ranges with appropriate experts, which will henceforth be identified as Study No.

- FER9805:
Study Title Dose-Ranging Study for Ferrlecit® (Sodium Ferric
_ Gluconate Complex in Sucrose Injection) as Empiric
( | Maintenance Therapy in Hemodialysis Patients on
Epoetin Following Iron Repletion Therapy

\
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gluconate complex in sucrose injection)

Objectives

Evaluate the safety and efficacy of two maintenance
doses v. oral iron in repleted hemodialysis patients.

Patient Population

Inclusion Criteria:
* Adult male or female hemodialysis patient able to
comprehend and provide written informed consent.
® Chronic hemodialysis therapy>3 months

& Chronic epoefin therapy>2 months

* Iron repleted by administration of 1 gm series
with a 2 week period of no iron therapy before
assay of iron repletion parameters as infra.
» Iron replete defined as:
. = . Serum ferritin>100 ng/mL
- TSAT>20%
- Hgb>11 g/dL but < 12.0 g/dL

Exclusion Criteria:

* Known sensitivity to Ferrlecit® or epoctin

* Ferritin>800 ng/mL

* TSAT>50%

» Blood transfusion in preceding 60 days

* Serum albumin<2.5 g/dL

» Signs or symptoms of infection

* Unstable angina pectoris or evoiving MI

* Malignancy -

. ® Signs or symptoms of acute peripheral vascular

i1schemia

* Signs or symptoms of acute cerebrovascular
insufficiency '

* Scheduled living donor transplant

¢ Failed transplant in last 6 months

¢ Hospitalization in preceding 30 days

Number of Subjects =150; 50 per dose group
Study Sites =15
Treatment Regimens A. Ferrlecit® 62.5 mg q. week for 6 months

1B+ Ferrlesit®-31.3 mg q. week for 6 months

C. Ferrous SO, 325 mg (65mg Fe) t.i.d./6 months
Epoetin dose adjusted based on the following
hemoglobin (g/dL) criteria:

<10.0 Increase epoetin by 25%

10-10.9  Increase epoetin by 10%

11.0-12.0 No change

12.1-13.3  Decrease epoetin by 10%

13.4-15.0 Decrease epoctin by 25%

>15.0 Hold epoetin for one dose and resume

at 50% of dose

M_‘
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Efficacy Variables 1°—Percentage of failures defined as:
No. of patients not completing 6 months of
protocol when failure is based on reduction of
hemoglobin at two consecutive weeks by > lgm/dL
from baseline or two consecutive sequential
epoetin increases separated by 2 weeks that have
increased dose by 20% from baseline.
2°~-A in Hgb, Het, Epo dose change, TSAT, ferritin,
CHr
Safety Variables Laboratory tests, vital signs, subjective complaints
Statistical Analysis Plan Fishers Exact test to compare failure rates and
survival analysis to compare the time to failure
among the three groups.
Study Initiation No later than eight months following approval
Study Completion No later than 13 months following initiation
Final Report Submission No later than 8 months following completion

5. A study to determine the safe and effective dosing regimen in the pediatric patient
population.

Preliminary Discussion

FDA has formally requested, in the letter of November 2, 1998, the performance of a pediatric
study. In accordance with section 111 of the Food and Drug Administration Modemnization Act
of 1997 (Pub. L. No. 105-115), 21 U.S.C. § 355A (FDAMA), and the current response to that
letter, which includes specific timelines for these pediatric studics, infra, we believe that the
sponsor has completed the preliminary requirements which would entitle R&D Laboratories,
Inc., to an additional six months of exclusivity for a new chemical entity.

However, pursuant to Guidance for Industry entitled “Qualifying for Pediatric Exclusivity Under
Section 505A of the Federa! Food, Drug and Cosmetic Act,” FDA has set forth supplemental
conditions for entitlement to exclusivity. In particular, the Guidance requires the submission of a
request for an official Written Request for Pediatric Studies which must allow sufficient time for
FDA to review the submitted protocols. '

While we do not agree with the necessity for this submission as a predicate to entitlement to
additional exclusivity under FDAMA, the sponsor will file a request for an official Written
Request for Pediatric Studies, which will include completed draft pediatric study protocols
suitable for FDA review and comment, as Amendment #25 within 7 days of this Amendment.
We believe that this filing will permit FDA sufficient time to review the protocols and issue an
official Written Request before the anticipated February 18, 1999, Office Action on NDA 20-
955. While we believe that it would be important for an official Written Request to issue before
an approval action, we understand that regardless of whether such a Written Request is issued,
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Ferrlecit® would be entitled to an additional six months of exclusivity if the studies are accepted.
If this is not correct, please advise us immediately.

Response to Request for Pediatric Safety and Efficacy Study

We have evaluated FDA'’s request in light of specific subpopulations identified in the proposed
rule governing pediatric patients, 62 FR 43900 (Aug. 15, 1997), and the guidance entitled,
“General Considerations for Pediatric Pharmacokinetic Studies for Drugs and Biological
Products.” 63 FR 66632 (Dec. 2, 1998).

We request a full waiver for two pediatric subpopulations: neonates (birth to 1 month) and
infants (1 month to 2 years). We hereby commit to perform separate clinical studies in the
remaining subpopulations subject to issuance of an official Written Request for Pediatric Studjes
or other determination of entitlement to additional exclusivity.

A. __ Request for Wajvers

L Neonates (birth to 1 month)

Ferrlecit® contains benzyl alcohol as an inactive ingredient at a level of 9.0 mg/mL
(0.9%). Benzy! alcohol is contraindicated in neonates. Therefore, we certify the
administration of Ferrlecit® would be unsafe in this age group. To that end, final
labeling cautions that “Ferrlecit® contains benzyl alcoho! and therefore should not be
used in neonates.” o
In May 1982, FDA issued a letter to more than 50,000 pediatricians, pharmacists, and
hospitals with a warning about potential fatal benzy] alcohol poisoning attendant to the
administration of solutions containing 0.9% benzyl alcohol. The warning letter was
issued following publication of an article in New England Journal of Medicine which
described a “gasping syndrome and benzyl alcohol poisoning.”’ The average dose of
fatal reactions was estimated to be 191 mg/kg/day or, if the drug product had been
Ferrlecit® administered to a one pound neonate, about 10 mLs or 125 mg of elemental
iron. A reported minimum intake calculated to produce a toxic reaction was 130
mg/kg/day or about 6.5 mLs of Ferrlecit® administered to a one pound neonate.

We have attached a copy of the NEJM article, the relevant FDA Drug Bulletin, a notice
published in Morbidity Mortality Weekly Reports, and several additional references from
which the aforementioned date were derived at Tab A.

ii. Infants (1 month to 2 years)

We hereby certify that the necessary studies are impossible or impractical in this pediatric
subpopulation because the total number of such patients is too small and geographically

! Gershank J, Boecler B, Ensley J, McCloskey S, Grorge W. The Gasping Syndrome and Benzyl Alcohol 7
Poisoning. NEJM 307:1384-1388 (1982).
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dispersed. Ferrlecit® is not likely to be used in a substantial number of patients in this
age group. The reported incidence of End Stage Renal Disease (ESRD) in patients
between 0 and 4 years old is reported as between 9 and 25 patients per year per million
population. See attached data from the U.S. Renal Disease Survey at Tab B. Thus,
assuming an equal distribution between 0 and 4, the number of infant patients less than 2
years old with ESRD, including transplanted patients, in the entire U.S. is on the order of
1,250 to 3,125. Any single population center (Metropolitan Statistical Area [MSA] > 10
million) which could serve as a center for such a study would have 13 patients at most
within the entire MSA who would be scattered among multiple dialysis centers or
hospital facilities. Further, the incidence of chronic hemodialysis treatment resuiting in
clinically significant iron deficiency among this population is unknown, given existing
prionity for transplantation. Even if the incidence parallels that in adult hemodialysis
patients (60%), then 2 maximum annual total US- exposure would be less than 2000
infants. Thus, not only is it not feasible to conduct a safety and efficacy study in such
patients, but too few patients would be ever be exposed to represent a substantial number
to justify such a study. Finally, we believe that the study in children described infra
(FER9804) may potentially provide sufficient information that will be useful to clinicians
managing hemodialysis patients in the higher age range of the infant subpopulation.

B. Studies

i Children (2 to 12 years)

We hereby commit, as noted supra, to perform the FDAMA requested study (hereinafter,

- FER9804) and seek FDA agreement on study design and timelines for completing the

study in an official Written Request for Pediatric Studies. We beljeve that this study, to
ensure the safe administration in this patient population, should properly be commenced
and dosages finally identified following completion of study FER9801 and the interim
data analysis from the FER9803 study. The results of study FER9801 will permit
optimization of blood sampling times to avoid excessive blood drawing in study
FER9804. The interim analysis of the FER9803 study will evaluate the safety of
Ferrlecit® in about 1100 adult patients. We believe that knowledge of these data will
help investigators further protect the children enrolled in study FER9804. A description
of protoco]l FER9804 follows:

APPEARS THIS WAY ON ORIGINAL
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Study Title

Open-label, Controlled, Randomized,
Multicenter, Comparative Study of the Safety
and Efficacy of Two Doses of Ferrlecit®
(Sodium Ferric Gluconate Complex in Sucrose
Injection) Versus Oral Iron in the Treatment of
Iron Deficiency in Childhood Hcmodnalys;s
Patients on Epoetin

Patient Population -

Inclusion Criteria:
* Pediatric male or female hemodialysis
patient distributed between 2-12 years of age.
¢ Chronic hemodialysis therapy>3 months
e Chronic epoetin therapy>2 months
e Iron deficiency anemia defined as:
- Serum ferritin<100 ng/mL
- TSAT<20%
- Hgb<l1g/dL
Exclusion Criteria:
* Hospitalization in preceding 30 days
* Sensitivity to Ferrlecit® or epoetin
» Blood transfusion or oral iron
supplementation in preceding 30 days
* TSAT>50%; ferritin>800 ng/mL
¢ Serum albumin<2.5 g/dL.  _
¢ Signs or symptoms of infection
® Malignancy
e Scheduled living donor transplant
s Failed transplant in last 6 months.

Number of Subjects =120 dispersed in age range; 40 per dose group
Study Sites ms]5-25
Treatment Regimen A: <30 kg = 4 mg/kg Ferrlecit® x 8 doses; >
30 kg = 125 mg Ferrlecit® x 8 doses.
B: <30 kg = 2 mg/kg; >30 kg = 62.5 mg
Ferrlecit® x 8 doses.
, C: Ferrous sulfate at émg/kg/d t.i.d. iron.
Efficacy Variables 1°—A in hgb at 42 days post first dose.

2% Ain het, epoetin dose, TSAT, ferritin, CHr

Safety Variables

Laboratory studies, vital signs, adverse events,
subjective complaints.

Statistical Analysis Plan

To Be Determined
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Study Initiation - No later than two months following

' submission of interim analysis from FER9803.
Study Completion No later than 26 months after study initiation
Final Report Submission No later than 6 months after study compietion

ii. Adolescents (12 years to <16 years)

In adolescents, the course and management of iron deficiency is similar to that in adults
patients as recognized in textbooks of hematology. We hereby commit to perform the
following FDAMA requested study (hereinafter, FER9802) and seek FDA agreement on
study design and timelines for completing the study in an official Written Request for
Pediatric Studies. We believe the results of study FER980] are necessary for the final
design of FER9802’s points for assessments to preclude excessive or unnecessary blood
drawing. Therefore, study FER9802 cannot commence until evaluation of the FER9801
study results. ' o

Study Title Open-Label Study for Single-Dose

Pharmacokinetics of Ferrlecit® (Sodium Ferric
Gluconate Complex in Sucrose Injection)
Following Intravenous Administration to
Adolescent Hemodialysis Patients on Epoetin.

Patient

Population Inclusion Criteria:
* Pediatric male or female hemodialysis
patient distributed between 12 to <16 years of
age. _ ,
 Chronic hemodialysis therapy>3 months
¢ Chronic epoetin therapy>2 months
¢ Iron deficiency defined as:
- Serum ferritin<800 ng/mL
-~ TSAT<50%
- Hgb<ll g/dL
¢ Non-smoking
Exclusion Criteria:
- @ Presence of significant intercurrent iliness
o Sensitivity to Ferrlecit® or epoetin
¢ Blood transfusion or oral iron
supplementation in preceding 30 days

Number of Subjects ' 8 (with distribution through age range)

Study Sites 1

Treatment Regimen . 125 mg of Ferrlecit® administered over 60
minutes.

Efficacy Variables -1 1°-Serum AUCs., AUCins, Crnax, trass Kes, Vg, Cl
2°ferritin, TSAT

Safety Variables Vital signs, subjective cornplaints

Statistical Analysis Plan See FER9801 Protocol Submission
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{ Study Initiation No later than one month following submission
of final study report for FER9801
Study Completion No later than six months following initiation
Final Report Submission No later than three month following study
compietion

Completed draft protocols of the foregoing studies will be submitted as part of Amendment #25
which shall represent a formal sponsor Request for an official Written Request for Pediatric
Studies for FDA review and comment.

6,7. A study to provide additional safety data. .. and gathering additional information (ie.,
literature reports, adverse drug reaction reports) concerning the possibly increased risk of
allergic/anaphylactic reactions inpatients receiving ACE inhibifors and Ferrlecit concurrently,

We hereby commit to the performance of the two study protocols as previously submitted for
FDA review and comment as part of Amendment # 23 (hereinafter, FER9803 and FER9806).
These studies address the need for additional safety data and gathering additional information
with regard to reactions in patients receiving ACE inhibitors. The sponsor hereby commits to the
following time frames contingent on receipt of comments on the study designs found in
Amendment # 23 no later than January 30, 1999, and FDA permission to initiate the studies
FER9803 and FER9806 simultaneously with filing of final amended protocols that reflect FDA
comments to IND

As requested in teleconference with the Division, we agree that initiation of these studies no later
than at product launch is critical to their success. Following launch, the number of Ferrlecit®
naive patients will be significantly reduced especially those sensitive to iron dextran.
Additionally, incentives for participation in studies are significantly reduced for both patients
and investigators following commercial availability.

Thus, we request that FDA expedite its review of these protocols as submitted in Amendment

#23.
FER9803 FER9806

Study Initiation On or before launch (projected | On or before launch (projected
for April 5, 1999) for Apnil 5, 1999)

Study Completion No later than 7 months No later than 16 months
following initiation following initiation

- Final Report Submission No later than 5 months No later than 5 months
following completion following comnpletion T rre—
0 ion and ary of Rec

Based on the instant commitment to each specified study, we respectfully request approval of
Ferrlecit® for marketing and written confirmation that, among the studies to which we have
committed, studies FER9802 and FER9804 represent FDAMA requested studies within the
meaning of the opening paragraph of § 505A(a) of the Food, Drug and Cosmetic Act.

10

. |
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Alteratively, we request in response to Amendment #25, an official Written Request for
Pediatric Studies, We additionally request clarification as to whether R&D Laboratories, Inc.,

studies. Finally, we request expedited review and comment on studies FER9803 and FER9806
so that they can be commenced on launch. We believe that all issues identified in the approvable
letter dated June 30, 1998, and subsequent correspondence have been finally resolved and that
NDA 20-955 is in condition for approval.

Sincerely,

y—
Jur Strobos, MD

NB.: For the sake of ease of comprehension, we have appended a chart which outlines the
timelines for all studies at Tab C under the assumption of an approval on or before February 18,
1999 and that the sequence of studies can be conducted as planned.

Enclosures:
Tab A — references on benzyl alcohol toxicity
Tab B — references on infant ESRD patient population
Tab C - graphical depiction of timelines of phase [V studies

1t
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Finally, measurement of pulmonary-arery pres-

sures should be read from the pressure wave form at
the end of expiration, without discontinuing PEEP.
Extrapolation of data on pulmonary capillary wedge

pressure to infer quandtative correladions with trans-

mural pulmonary vascular pressures or left ventricular
end-diastolic volume should be done cautiously be-
cause of the ‘uncertainties introduced by PEEP.
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THE GASPING SYNDROME AND BENZYL'
ALCOHOL POISONING ‘

Juay Gersnanix, M.D., Berry Boecrer, R.N., M.N.
Hanry Enstey, PH.D., Suaron McCLosxey, B.S.
AND Witiam Georce, Pu.D. .

BENZYL alcohol is commonly used as an and- 3
bacterial agent in a variety of formulations, T
including bacteriostatic sedium chloride and bacterio-
static water, that are intended for intravenous admin-
istration. Although benzyl alcohol toxicity has been ! =
recognized, the eoncentration that is necessary for .
andbacrerial acton appears to be much lower than the -
concentration that would be dangcrous to adults.'?
Litde, il anything, is known about the possible toxic -
effects of benzyl alcohol in neonates. .
Ten premature infants in our neonatal intensive-
care unit developed similar clinical syndromes charac-
terized by the deterioration of multiple organ systems
and eventual death, which we believe were the result of
benzy! alcchol poisoning. In a preliminarv report we
have referred 1 this clinical patern as the “gasping
syndrome.™ All the infants had originally presented
with respiratory distress requiring mechanical veniila-
tion and umbilical arterial catheterization for frequent
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blood gas analysis. They received multiple injections
of heparinized hacteriostatie sodium chloride for Aush-
ing he catheters, and medications reconstituted with
bactcriostatic water, both containing 0.9 per cent ben.
zvl alcohel. The infants then followed a typical course:
gradual neurologic dcicrioration, severe metabolic
acidosis, the strking onset of gasping respiration,
hematologic abnormalities, skin breakdown, hepatic
and renal failure, hypotension, and cardiovascular col-
laps. Extensive workup and post-mortem findings
fiind 10 reveal any recognized cause.

Inlants with the gasping syndrome recsived average
daiiy quantitics of benzyl alcohol, in the form of bac-
teriostatic sodium chloride and bacteriostatic water, of
99 to 234 mg per kilogram of body weight before the
onsct of gasping. A matched control group. consisting
of eight infants who received solutions containing ben-
2yl aleohol as a preservative but did not have the gasp-
ing syndrome, received average daily quantities of
benzyvl aleohol of 27 1o 99 mg per kilogram over the
same period.

Analysis of blood samples available for six of the
infants with gasping syndrome showed levels of benzyl
alcohol ranging from 0.610 to 1.378 mmol per liter.
- Although samples were not available from the
martched control group, serums from five comparable
control infants who were cared for in our neonaral
inteasivescare unit after the bacterjostatic prepara-
tions were no longer in use were found o contain no
benzvi alcohal.

Lrine samples available for five of the infants wich
R3sping syndrome were found to contain benzoic acid
and hippunc acid — breakdown products of benzyl
alcohol — in levels ranging from 0.088 to 0.685 mmol
per liter and 0.85+4 10 2.121 mmol per liter, respective-
ly. Levels of urinary benzoic acid and hippuric acid in
the five control infants who did not receive benzvi
alcohol were much lower — 0.003 to 0.049 mmol per
liter for benzoic acid and 0.60 to 1.060 mmol per liter
for hippuric acid. . .

Since discontinuing the use of bacteriostatic sodium
thloride and bacteriostatic water in our nurseries in
Junc 1981, we have seen no further cases of the gasping
svadrome. Our experience suggests that the inclusion
of benzy! alcohol in drugs and parcntcral solutions
used in the treatment of sick neonates needs to be
reassessed,

MerHODS

riants with Gasping Syndrome

Ten neunates who were admitted 1o the nevnatal iniensivecare
unit vver 3 M-munth period acquired the gasping syndrome. All the
inlants were ol low hirth weight and were premacure {Table 1),
Their birth weights ranged from 620 10 2125 ¢, with a mean ol 1112
£. Their gestational ages ranged from 26 1o 34 werks, with 3 mean ol

D weris. Each ol the babies had cither respiratory Jisress or apncic -

3pells requiring mechanical ventilarion and umbilical arerial -
Frrizanon. -
Feequent biund sumpling was required for bloud gas and diemical
#alvwes. The infams recerved mltiple injections of heparinized
s rermstatic smbium chluride w Hush indwelling Qatherers amd oy
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Tacte 1, Ciinical Data on Ten Infants with the Gasping Synarome
and Sight Matched Control Intants.

T —
MarCnat Contauy Inranry

Intants wyrn Gasmng §1voeowy
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initiate peripheral intravenous infusions. Tu addition, thev received
multiple medicarions — including antibiotics. sodium bicarbonare,

and caltium — that were reconstituted or diluzed with bacteriostat-

ic water,

During the initial part of hespitalization, the infanty’ sympioms
were casily explained by their undertying ilinesses. However, ovesr 3
period of time they had a similar course of central-nervous-system
dysfuncrion, with hypoactivity, hvpotonia, and depression of the
sensorium, followed Jater by apnes. seizure activiry, and coma, CT
icans were obfiined in eight infanu. Iniracranial hemorrhage
{Grades II to IV) was documented in seven cases, One of the in-
fants had no evidence of intracranial bleeding on four separate CT
sans. Eight of the infanty had electroencephalograms thar demon-
urated very low voliage and severcly abnormal eleciriea) activity.
Two of these infants had previously had normat eiectroencephalo-
grams. -

In cach aase the central-nervous-system dererioration was accom-
panied by severe metabolic acidosis. Blood PH levels dropped 10
betow 7.25. with base deficits greater than 5 and partial pressures of
crbon dioxide in the normal range ol 35 to 435 mm Hg. The acidesis
pensisted in all cases uniil the time of deah, despite infusions of
sodium bicarboaate. Serum sodium and potassium were within nor-
mal limits ia most cases uniil the onset of renal filure, which oc-
curred lacer. .

The infanus had marked skin breakdown and hemarologic and
hepatie disturbances, including thrombocytepenia, leukopenia, di-
rect hyperbilirubinemia, and hyperammonemia, which failed 1o re-
spond to repeated transfusions of platelets and blood products. Dou-
bie-volume exchange mansfusions were performed in three cases hut
did not alter the overall course. All the infants were created with
antibiotics; however, cullures repeated on Aumerous oceasions
throughout hospicalization failed 1o identily sepsis or meningitis,

The day of onsct ol symproms varied among the infants. The most
siriking feature of the svndrome was the presence of gasping respirs-
don, characterized by unremitting gasps that occurred continususiy
3t a rate of approximarely 20 per minuie, despite high venilatery
sentings. The gasping lasted for several hours to 3 week. The onset of
Kasping occurred berween the ages of @ and 28 davs (Table 2).

During the last several days of life the infane had hvpotension
and renal failure, which did not rapond 10 dopamine infusions.
Cardiovascular collapse and deach occurred at 6 to 4 days ol age
{Tabie 2}. ‘

Controi infants

To compure infaats with gasping syndrome with other equally
sick nevates wha reccived henzvl aicobol by did nug acquire the
svndeume, we selrcted 3 matched contrnl group from amung infancs
buspitalized during the same 20-munth period. All contrel infants
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Table 2. intane of Benzyl Alconol, Age at Cnset of Gascing, and Age at Death.*
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ResuiTs

The caiculated average daily vol
umnc of 0.9 per cent benzyl alcoho! ¢
reccived by infants with Zasping
syadrome before the onser of TI5p- -
ing ranged lrom 11 10 26 mi perkilo-
gram per day, witha meanof |7 m]
per kilogram per dav (Table . =
Thesc volumces delivered from 99 1o
e 23+ mg of benzyl alcohol per kilo. '~
gram per day, with a mean’;
(£S.E.M.) of 153213 mg per kilo-
gram per day. The calculated aver'
age daily volume of 0.9 per cent
benzyl alcohol received by fhe.S
matched control infants over the: .
corresponding  aumber of days:
ranged from 3 10 1) ml per kilogram
per day, with a mean of 6 ml per i
kilogram per day (Table 2). These
volumes represent from 29 to 97 mig

L
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required mechanieal ventilation and umbilieal arterial cxcheteriza-
ton, The controls were masched o the infants with fasping syn+
dreme on the basis of birth weight (within 200 g}, gestational age
(within rwo weeks}, survival beyond three days of life, and similar
initia) clinical features. The infants who met these criteria 2ad were
admitted to our neonatal intensive-care unit pearest the times of
admission of the corresponding infants with gasping syndrome were
seiected for study,

Appropriste matched conuols could e found %or 8 of the 10
infants with gaspiog syndrome. Birth weigns for the conerol group
ranged from 720 to 1280 g, with & mean of 1205 g. Gestadional ages
ranged {rom 29 to 34 weeks, with 2 mear. of 30 weeks (Table 1).

Five additional premature lows birth-weight infants whe were hos-
pitalized in the neonatal intensive-care szit after we had stopped
using bacteriostcic sodium chloride and bacteriostatic water and
who were receiving mechanical vendlation and had umbilical aresi-
al catheters in place were selected at random for blood arnd urine
studies.

Determination of Benzy! Aleohol Intake

Charts of infanu with gasping syndrome wore reviewed, and the
mean daily intake of beazyl alcohol before the anset of gasping was
talculated for each, on the basis of the wotal volume of catheter
flushes and medimtions recorded in the daily istake sheet. Chans
were similarly reviewed for the maiched control infants, The ap-
proximate mean daily intake of benzyl alcohol for each control infant
before the onser of gasping in the matched infant with gasping
syndrome was clculated. Sausical analvsis was by Siudent's
t-rese.

Measurement of Benzyi Alcohol and its Metabolltes
' in Blood and Urine .

Bluod and urine samples were colleeted fmm infanes with sasping
syudrume within several hours after th: onscr of gaaping and were
reirigerated uniil the nime of analvis. Samples were collecred i the
same mannet from the unexposed infane. Lovels of heneyl aloohol
and benzoic acid in the blood and urme were determinud by gas
chromatography and confirmed by mam spectruscopic analvais,
Levels of hipporic acid in the arine were determined by high-pres-
sure litpuid chromanwraphy,

e wmitalrle maches comprol win yen.nbie.

day, with a mean (=5.E.M.) gF
34=9 mg per kilogram per day¥
(P<0.001 compared with infaniy

with gasping svndrome). R

Concentrations of benzyl aleohol were monitored 30
in serum obtained from six infants with gasping’:
syndrome. A mean concentration ( =S5.EM.) oFF
1.01=0.13 mmol of benzyl alcohol per Liter was found'
(Table 3). No benzyl alcohol was found in the serum of 4
the five infants who had not reccived bacteriostatic 3
sodium chloride or bacteriostatic water. Although':
urine from both groups was also analyzed for benzyl
alcohol, none was detected. K

Urine samples were also monitored for both benzo- _
ic acid (the oxidaton product of benzyl :.lt:r:ht:»l)-"$L
and hippuric acid (the glycine conjugate of benzoic ¥
acid). Whereas only tracs amounts of benzoic acid g
(0.029=0.009 mmol per liter) were found in the urine
of the five unexposed infants, a significanty higher &
concentration (P<0.001) was found in the urine of five
infants with the gasping syndrome (0.377=0.1197
mumol per liter} (Table 3).

Levels of hippuric acid in the urine of five infants ‘.
with gasping syndrome ranged from 0.854 to 2.12]
mmol per liter, with a mean value of 1.469=0.25 mmol
per liter. Levels in five neonates who were not exposed -
to benzyl-alcohol preparations ranged from 0.060 1o
1.060 mmol per liter, with a mean leve! of 0.765=0.089
mmol per liter. Levels for the infants with gasp-
ing syndromc were significantly higher (P<0.001)
(Table 3). .
Discussion

This study shows that prematurce iniants who re-
ceived intravenous preparations containing henzyvl al-
eohol as a preservative accumulated henzyl alcohul
in their blood. The accumularion was probably duc
to the Lirge doses of benzyvl aleohol refative w the size
ol the paticnus. w0 the reduced capacity of the in-

_
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fants” metabolic systems to detoxifv
benzasl aleohol, or to both.
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Tacle 3. Levels of Sarum Benzyl Alconol. Uninary Benzoic Acid, ang Urinary Hippuric
ALid in infamts ‘amh the Gasoing Syndreme and

in Unexposea Infants. -

agn N al T L . - __—‘_Ib——____
I'he first pussibility ‘becomes ap o IO R— T
parcnt when one realizes that the iy tvranty
o1 ) ] -
single dosc of 0.9 per cent benzyl . mr wm e s
aleobul that is considered safe for oL
. e . LI
healthy b uman adulits is ::0 ml’ —in wa—luier et e lirr
the range ol 0.5 ml per kilogram. In .
the preseant studv, the babics re- Unesposed infanis * b 0 5 001=000 0.7as=0.08
ceived 20 to 50 times this amounton Inianes with gxping symlrome & LE=0.1) 5 03T1=0.19r ) dav=p028) ¢
a dailv basis, pnsagrs in the same Vaham cagraned o smemm S50,
order of magnitude as those have *Premamre mianey s 10 the - siker N g
Chbarwbt sl MaCwrokiae waiey,

been shown to be lethal in animal
studies.' In these studies, the medi-
an lechal dosc for benzyl alcohol in
rats was 314 mg per kilogram intravenously and 410
mg per kilogram intra.arterially. This exposure be-
comus even more critical when dnc considers that pre-
mature infants obviously: have a reduced _ability to
detoxify benzyl alcohol.* o

Benzyl aleohol is an aromatic aleshol “that is oxi:
dized to benzoic acid, conjugated in the liver with

ghveine, and excreted in the urine as hippuric acid.? -

Numcrous reports have shown that the oxidative proc-
esses and conjugation reactions required for the
metabolism of such forcign compounds as benayl al-
coliol are diminished in the premature infant.® This

. diminution, combined with the very large doses
of benzyl alcohol that were administered to these ba-
bies, would result in an accumulation of benzy! al-
cohol in the blood. Such an aceumulation may be
responsible for the common findings in the gasping
syndrome.

Several articles concerning potential multisystem
toxic effects of benzyl alcohol similar to the ones in our
paticnts appeared in the literature in the carly 1900s.
In 1918 Macht deseribed a broad spectrum of compli-
cations, including cardiovascular, neurologic, smooth-
muscle, and respiratory effects.”® Gruber reportcd
tardiovascular and respiratory toxicity from henzyl
atenhol.? -

I these carty animal studics, it was determintd that
the cardiovascular effects of benzyl alcohol were pe-
ripheral in nature, acting at the level of arterial
stmuoth muscle to produce vasodilation and hypoten-
sion. Other cfleets included respiratory stimulation
with low doscs of benzyl alcohol and respirziory fail-
ure at higher doses. Central-nervous-sysiem symp-
toms were also described and ranged from sedation
at Jow doscs to convulsions and paralysis at higher
doses.”

The neurologic symptoms scen in the present
studv — including  hyvpoactivity. hypotonia, coma.
and seizure activity — may have heen due to a direct
txic effect o benzyl alcohol on the central nervous
svsiem. The presence of intracranial hemarrhage in
seven ol the infans failed 0 explain their unusu-
i neurologic symproms and electroeneephalographic
hndings. This group of infants rellected the usual fre-
Guency and severinye of intracranial emorchage in the
bwvebirthew eight population.™ However, o the seven

Sipaticaly dilleres:. (rom casirod \P<0.001).

control infants in this study who had CT scans, only
one was found to have an intracranial hemorrhaye.
Gasping, the most striking feature of the svndrome,

" and apnca may be the results of stimulation of speeific

respiratory centers. Gasping or apneustic breathing

“can be caused by injury to the apncustic center of the

“brain stem located in the pons.!! Injury at the level of
the lower medulla leads to complece apnca. We postu-
late that benzyl alcohol or one of its metabolites may
produce apnca and gasping by exerting direct toxic
cffects at these respiratory centers. .

The metabolic acidosis in these babies may have
resulted from accumulation of benzoic acid in the
blood. The more than 12-fold increase in benzoic acid
in the urine ofinfans with gasping svndrome, as com-
pared with the controls, was probably a reflection of
cnhanced conversion of benzyl alcohol to benzoic acid.
which at some point must increase blood levels of ben-
zoic acid.

Cardiovascular effects wert observed in all the in-

* fants with gasping syndrome and produced hypoten-

sion, cardiovascular collapse, and death. The hemato-
logic findings included anemia, thrombocytopenia,
and leukopenia. These findings suggest the possibil-
ity of a benzyl aleohol-induced bone-marrow depres-
sion. Hemolydc effects of benzyi aleoho! have pre-
viously becn suggested.'? Direct hyperbilirubinemia
ogcurred, perhaps as a result of hepatic impairment. [t
should be pointed out that benzoate is known to dis-
place bilirubin from albumin-binding sites, possibly
enhancing the toxicity of bilirubin.'?

The control infants in this study were initally as sick
as the infants with the gasping syndrome, but they did
not acquire the gasping syndrome. We postulate that
this was because they reecived much smaller amounts
of benzyl aleshol. For vanious reasons their umbilical
arwrial eatheters were discontinued within the first
week of life. They continued 1o receive benzyl aleohot
in the form of flushes for intravenous infusions and
diluents for medications, However, the quantities were
much smaller than those involved in Rushing indwell-
ing catheeers used for frequent hlnod ges sampling.
These infants did not have the striking feacures of the
gasping syndrome. [tis possible that they did have less
severe Jorms of benzyl aleohol oxicity that were rot
reengnized,
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In comparing the time to onset of gasping in se-
lected infants with gasping svndrome with dailv dos-
ages of 0.9 per cent benzyl alcohol, a significant cor-
relation coeflicient of —0.83 was determined ( P<0.05).
This suggests a definite relation between the in-
take of benzyl alcohol and the time t0 onsct of
gasping.

In June 1981 we stopped using bacteriostatic sodi-
um chloride and bacreriostatic water in our nurser-
ies. Since then, no further cases of the gasping syn-
drome have occurred. There has been no increase in
the incidence of sepsis or meningitis since the use

of these bacteriostatic preparations was discon-

tinued.

The clinical features of the gasping syndrome, the:

relatively large quantities of benzyl alcohoi received by
these infants, the positive identification of benzyl alco-
hol and its metabolites in their body fluids, and the
known toxic effects of this bacteriostat suggest that
benzyl aleohol was involved in the development of the
gasping svndrome.

In our view, the addition of benzyl alcohol to prep-
arations given to infants must be reassessed. This reas-
sessment should include an evaluation of the toxicity of
the benzyl alcohol contained in individual prepara-
tions and of the cumulative quanrities of benzv! alco-
hol that might be received by an infant treated with
several preparations.
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‘tomy il appropriate,' others recommend studv only >
-in. candidates_for cardiac bypass surgery™ or oper. .

“have not been large enough to demonstrate that 2 ;- >
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CAROTID BRUIT AND THE RISK OF STROKE
IN ELECTIVE SURGERY '

ALLan H. Rorper, M.D.,
Lawnrexce R. Wecnseer, M.D.,
AND Lexnazo S, Wisoxn, M.D.

T HE finding of a carotid-artery bruit before elective ™.

- surgery leads to a variety of actions among differ. 3
ent physicians. Some recommend angiography or non.
invasive carotid-artery studies followed by endarterec.

L

¥

ations anticipated to involve large blood losses, and
many consider the bruit 1o be an unimportan: risk

" Bctor for perioperative or intraoperative stroke.%19;
However, studies failing to demonstrate 3 risk of stroke

in assodiation with a carotid bruit have been retrospec. ">
tive, with an uncertain true incidence of bruit and. :
swroke,*® and sample sizes in prospective scudies®?.

rotid bruit does not represent a risk for stroke.
In this study, we prospectively examined 735 unse- ',
lected patients undergoing elective surgery, to deter-}

b

mine the incidence of carotid bruit and postoperative -
stroke. We found that of 104 patients (14 per cent) why
had bruits, only one had a siroke within threc day
postoperatively. Of the 631 patients withour a bn.ut.,?
four bad a stroke within three days after cperation.
The overall incidence of stroke was 0.7 per cent and”,
was not different in patients with and without bruits
All the strokes occurred in patients undergoing cor
nary bypass procedures and were thought 10 be embol
ic in nature. -

MeTHODS i
Patient Popuiation and Data Acguisition i

All patienty over the age of 35 whe were scheduled for non-neuro- -
logic eleciive surgery at the Masachusetts General Hospical from !
Tuesdaya through Fridays during 3 nine-month period were idend-";
fied from daily listings in the anesthesia department. One of three -
aeurclogists located all patients who were availabie for examinarion - &
on the day before surgery. i

The responses 1o seven siandardized questions were reeorded ona
coded Jorm to decermine whether there was a histary of transient M
menocular blindness, transient ischemic arrack, stroke, mvocardi-
al infaretion, or endanerectomy. Questions concerning rransient
monocular blindness and rransienr ischemic attack were asked
twice. Austultatinn of the carotid aneries was performed in 3 uni- .
form manner using 3 stethoacope bell in 3 quier environment with
the patient reclining, his neck extended 30 degress and his breath
heid in inspiration, The pitch (high or low) and duration (long or
short, systolic or diastolic) of bruis were recorded. If a bruit was
detected, the anterior thorax was examined for basal heart mur-
murs. and the pmximal aronid arteries were palpated in order 10
determine whrther the sound was radisted. Seventy-two per cent of
the patients with bruits were examined by 3 second necurclogist who
had knowledge of the hruir, with agreement that the bruir was focs!
and not radiated in all but one @se. Three to five davs after the
vperation, patiens were examined to determine whether 3 soroke
had occurred. Pistoperative siroke was defined as occurnng in the

- )
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From the Derarmens o Neumiogy amd the Nevrokopcal Neurosurpical lves-
sive Care Umt, Masiacinnerts General Hospitsl, Binton, MA 02114
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fevicwed the dana in these studiss and
issued s stavement in the Juoe 1982 is.
sue of Pedlistrics, advising thay the uge
of salicylates should be avoided in chil-
deea suffering from itflueazs or
varicella. i

The commiree fecommended “chat
considerazion should be given to the
advisability of using any snupyresic
medications for these illnesses '

Because of 3 number of eriticisms of
the conducr of these srudies and the in.
terpretation of the dara, FDA under.
toak a2 independent amlysis of the
twarzes. This apalysis included: {1) a re-
view of marerials available from the in-
vertigaton in Arizona, Michigan, and
Ohio; (2) 3 review of summaries pio-
vided by CDC on srudjes concerning
RS and salicylates; (3) 3 review of anal-
yses by employees and consultanes of
manuficruress of alicylaes dng prod-
ucs 20d consumer representatives: {9
sitz visits to the Michigan and Ohjo
stace health deparmens 1o obrin fur.
ther deniils on bow these srudies were
rooducted and w audic dats op case
records: 2ad {5) a review of 3 subset of
the daa from the Ohis study coanyin.
ing day-by-day infarmation on disease
fymptoms apd drug use.

Ia the coune of the review, Questiens
were aised about rrudy desipn: how.
ever, these were not coasidered suf.
ficiens w change sabsaantially che jnres-
preadon of we data, The FDA analyis
geacnally supperted the isocation be-
tween nulicylares and RS shown in the

eazlice evaluations of the dae.

The studies perfarmed are noc able
o deruonserace toaclusively whether
the association iy @usal, but the a-
cumulated evidence is sufficienely
strong to jusufy che FDA's advisory
Qutian on the use of salicylaes in chile
dren with those viral illnesses pardcu-
lasly anvaciated with the development
of X8,

N — ‘

FDA preseard i atalysss 3t 24
open public meetng on May 24, 1982,
which i spansared Jeindy with CDC
aod the Nasonal Instirures of Healch
(NIH). At the campledon of the meer.
ing, the majority of the scientfic ex-
perss Believed that the new analyses
supported the earlier evidenze sugpes:.
ing an asseciatien berwees use of sali.
cylates and te developraent of RS,

Aspirin 3ad ether Slicylares 270
fourd in single ingredient producs or
in combinazion with ether medicines;
labels of aver-che-counter deug srod.
u¢o cuoair 3 Lot of ingredients, As
Pisin remains 3 medically useful drug
with ant-icflammacory actions por
found io other over-the-countss antpy-
rtics,

Benzyl Alcohol May Be
Toxic to Newborns

cther pressvarives shauld nee be used in
pewkarts 1 flush iovavasculay cgzhe.
ws. Saludisas far diluring of reconst.
witing mediadons for newboms 2iso
should cozmin ny benzyl akohal or
other preservatives,

FDA Eas received repons of 16 fali-
ties in newborns weighing less chan
2,300 pras in whom bactericsracic so-
dium chlaride for injecuion tonaining
0.9 perzent benzyl alzahal had been
used for flushing incravenous aith.
etens. ! Some of the infico reecived
tdditiena) bemayl aleshol when bacteri-
e water was used to dilure ar re.
coastitvie medicztions.

The dzaths were preceded by a syn-
dreme conristing of mewadolic acidosis,
cenmal nesvous symem depression, res.
Pirtory diswess progressing to gasping
respintioss, hypotcnsicn, renal failure
304 soraetimes seizures aed incracranis
bemarrhages. Bleed and urine sameles
of Wffocred infzaus revesled high levels
of beazpl akchol, benzoic acid or |
@ctabalite, hippuric 2cid.

Toaicity from beazy] alcohol appaas
w have bezn caused by hrge daily
doses of benzyl aleoho! per kilogrum of
body weighe daily incake in these cases
raoged from 99404 mp/ig/day. Each
coililiter of 0.9 peseenr olution eon-
Rirs 9.0 mg of beasy! kool




3

In the wo medical coneen xporting
the 16 cases, no addidonal e of the
wxic syndromc were seen afer solu.
tions conmining benzyl alcobol were
eliminaced.* There have been no re-
ports of rexicity in glder irhax, chil.
dren, and adules. SN

Oc May 28, FDA sent ket ped-
Buicans, hopital pharmaciss, and

that salutiars vsed 1o fush mozrascy.
tar czeheres or for dilucng or reconsti-
fuing smedications in newbarm por
coacin beazyl alcohol of oy other
preservative. Seerile sodium chloride for
injection {nor bacteriosmtic sodium
chlorice for injection) should be used
for flushing intravenous cagheeers.

Thz agency is working on hbeling
changes with the manuficrures and
the U.3. Pharmacopocia for the pracu-
tone insere and che eonminen of so-
dium chlorids and wacer conmining
benzy! aleohat,

Caution must be used in armibudng
[ . illness or death beazy! alesho! in ia-

dividual babies: many of the dinicl

| fearures aseribed to benzyl akohol tox-
icity are found in newboros segously ill
from other causes. The babis dacribed
with benzyl aleohal toxiciry had seriaus
underlving disease, bur they alo had
biechemicz! evidence of benzy) aleohol
meicity.

FDA s involved in gathedog more
din on the problem, in coopenation
with the Amed Forees Instimee of
Pathology, neonatalogisss, znd the U.S.
Ceneers for Discase Congal (CDO).

Collabontive effars wich drup maa-
vfacturers, che American Sceiery of
Hespial Pharmacisy, the Ameriean
Aoxdeny of Pediacies, the American
Nuning Asseciacion, the U.S, Pharre.
copocial Conveaton, CDC:, and others
re under way (o insure that the health
Qre community is fully informed of
the recent information,

Physicians caz assist o this effors by
using the form an the back of this
Drug Buliesin 10 repor any passible or
definire eusey of raxiciey Lsocaced with

-~ benzy! sleohg),

g,

Refereweer:
J{.»'T"- T, Buin KRM. o1 2t faal bene
#ri aleaka FeUenIog in 2 s tensive Gt

hospinl administraren, reroemending - -
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wnit {lereer). Lomess. May 20, 1942; 121310,

3. Genhanid J), ez al: The gaping fyn-
drome: bmzy‘l‘ ikonol (BA) poissning! Che Ras
1501 29: B9HA.

? 3. Morbidity and Msriadiry Weckly Repan
1982 31 190,

- Bepatotoxic Potential of

Ketoconazole Under
Investigation e o

Three cases of facal, massive hepatic
gecionis, one case of noafanl hepais
and neemsis, and 20 cases of liver in-

“jury (asually with jaundics) have been

scponted in paticnts mking kerocona.
zole (Nizonl).

The drug is the only oral therapy 2p-
proved for syscemic fungal infecrions
and is valuable for serious, systemit io-
fections. (Scx Novernber 1981 Drug
Bullenn,) ,

Sevenal cases of hepatins were fe-
ported in the literature™ just prior w
apd shontly after the drug's approval in
Juoe 198). In these mes{':'u&dice
cleared and liver enzyme ~
wmed to pormal after treatment was
stopped ar, in one case,’ witk con
tioued ketoconazole eaument,

The three reparted deaths oecurred
despite discontinuazion of ketocona-
2a)e. The fist ocrured in 2 67-year.old
wamin an keroconazole therapy for 8
weeks. The second occurcd in 3 64
year-old man aaking che dug for 28
days who had major surgery despite ab-
normal liver foncrion and subsequently
died of sepuis. The chird case was a
22.year-old woman on ketccamazole

. wherapy for 6 days. This pasient was be-

ing treaeed for leukemia with drugs of
koown hepatotoxic porearial ¢

Although these cases were con-
founded by medical history 20d con-
comiaint of preceding Ceatmenc with
other dnups. the similar sequence and
pacen of tver function abnarmalities
supgest thar kemconazole also played
a role.

Is the nonfin! case of hepatic necro-
sis, the 73-year-old female padent had
been on ketocosazole therapy for 3
months with no eoncominne medicy-

don.*

Manulscrorer Sends Letter -
Upon leamiag of the fisst case of fz-

M

e

al hepadtis that develaped dening ke
tocoaszale therspy, the masufacrurer,
Jaassen Pharmacsuicn, sene 3 lewrer jp
March 1982 o prescribess ieforming
them of the potsibility of hepatotoxic-
ity 20d alerting them w the tanscquent
sddidons t the labeling.

The following was added 10 the
Wamieps secvion ef the package insen

- for kerocooazele: - -

Several mses of possible idiosya-
entic hepataczllular dysfuncton
Bave beea mporred during
woanear e is impormnt
to recognize thar liver disarders may
occut with NIZORAL therapy. The
fare ocouerences of liver disorders
eauld de porendally fn! ualos
properly recognized and managed. fe
is desirable to pecform liver fupcrinn
tests, such 25 SGGT, alkalinephos-
phaczss, SGPT, SGOT and bilinu.
bin, before ueatment 20d ac pesi-
odic i:;‘r:mh durig.g weatment
(monthly or mare frequens), patdcu.
larly in patiens vh::?rill be oa pro-
longed therapy or who have 1 his-
tory of liver disease. Insmxaces of
minor elevations of Tiver enzyme
levels in parienns on NIZORAL have
beea shewn 1o aormalize during
therapy aod may pot pecestienre dic.
condnuation of treatment. However, -
if liver funczion tests are significaady
elevared or other signs and symp-
- toms ate suggesdve of hepatecellular
dysfunction, kezocomazole should be

discongaued,

The following has been added o the

Precautions section;

Iafarmmtion for Patent Padent
should be instruceed to reporr any
signs and symprams which may sog-
gest liver dysfuaction so that ippro-
ptiate bio-chemical testing can be
dage. Such signs and symprams mzy
include wausua] farigue, pauses or
vomiting, jaundice, dark urine or
Eale stools,

Additional Cues

Ia addidion w the four cases dis-
eused previously, FDA has received
repors of 20 additional eases of other
lives injury, signs and sympoms of
which 1acluded jaundice. elevated
wanaminases. bilinabin zad sikzline
phosphatase, anorexia, emusca, and/or

1
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Reye Syndror. Vitinued
mumily, . _,ug industry, and consumer orgenizations. | was |ha consensus of the
scientific warking group ot the compiation of the mesting that the new analysis sup-
porled the earlier evidence of an sssocistion batween salicylates and Reye syndrome.

As 8 resull of this enlire review process, the Surpeon General sdvises agains| (he use of
salicytsles and snﬁcylalu-conuiring medications for chitdren witly inlluenza and chickenpox.*

Relerences : : .

1. Stwko KM, Rey CG, Donminguer LB, Stromberg WL Wodall DF_ Reye's syncdroms snd selicylate use.

Pediatrice l980;6§‘.’59-864.

2 Walktinan, R, Halt WN, McGas H, van Amburg G: Aspirin a8 a sk lactor in Raye's syndromse. JAMA

f982.247:3089-94.

3. COC Nationat swvpillancs ol Neye syndroms

MMWH 1982:71-63.8 _

4. Commutise an Infeclious Disseses, American Academy of Padiairics. Specis! report; aypirin & Reye

syndroma. Pecinirice 1982:89:810-2. Ty

—_— ‘s y
'The Surgaon General noles thel the FOA will notity health proleasionals through Ity Drug Bulletin, whi
develop lay-language inlormation for widespread distribulion, and witl take the sleps necessory to eslab-
lish new labefing requirements o drugs conloining seficylaie.

MMIVH June 11, 1982

1981 Updete, Asye syndrome snd salicylate usage.
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Epidemiologic Notes and Reports © “DTICE . This matertal may by proiceterd b

Neonatal Desths Assoclated With Use
Of Benzyl Alcohol — United Stetes

Sixteen neonstal desths thought 10 be coused by the beanzyl slcohol presarvalive used in
soma inlrsvesculsr 'sotutions have been reporied 10 the Food snd Drug Administrstion IFDA)
by 2 medical centers 17,21, The desths occwired in pre-twm neonatey waighing < 2500 gms
who had cential ntravasculer cathaters flushed periodically sach dey with bacieriostalic
notmsl saline containing 9 mg/mi benzyl sicohol. Ten deaths occurrad in 1 institution over e
B-month pariod and 6 deaths occurred in the other Institution over 18-month period. Invey-
tigators in the 2 hospitsla have reported thet similar deaths have not occurred since flush so-
lutions withoul pressrvetives have besn substituted tor thoss with the benzyl slcohol.

Onsot of 10xic Hiness in the infants occured between sevarsl days snd & tew wesks of nge
with @ characieristic clinicet picture that included matabolic scidosis progressing to respirs-
lory distrass sng gasping resphrations, Many infenis slso hed central-nervous-systam dys-
funciion, inchuding convulsions end Intracranisi hemarrhage: hypotsnsion lending to cerdio-
vescular coftepse was a Inte finding usuaily presaging desth,

Gas chromelographic snalysis demonstraled benzy! sicohot or its metabotites in blood and
uring samples from infanty in 1 hospitsl Retrospective shelysls of urine samples from § i
fants in the other hospilal for organic scid profils by gas-lquid chromatography showed urine
bentosin levels of 4.4-10.1 myg/mg cesxtinine snd hippurate levels of 7.4-33.3 mg/mg creati.
ninw (normal values = O-trace); serum benzoic Scid levels were 0.4-28.7 mEqA. (normel = o},
Review of the medicel records of the sifected infanis resulled In estimates of deily inlake of
baney! slcohol ranging from 99 10 405 mg/hg/day.

Based on these reports, the FDA has recommended thet iniravasculer flush solutions con.!

tsining benzy! sicohol not be used for newborns and thet ditusnts with this preservative not
be used as medications for these infents. ]

Mness suspected of having besn csused by use of banzy! alcohol should be teporied
promptly to the FDA, Division of Drug Experience, Alin: Judith K. Jones, MD,, PhD,,
Room 15-8-07, HFD-210, 5600 Fishers Lane, Rockvills, Maryland 20857; ielephone
{301)443.45800.

Raportad by JJ Gershark, B Beacher, W Geompe. A Sole, M Leither ¢ Kapadious, Southerrs Baptist Hospl-
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Neonatal Deathy - Continued .

Editosial Note: Benzyl aicohot is an aromalic slcohg! usually used in 3 concenirnlion of O 9.
#s 8 bacleriostatic preservelive in multiple-dose viats of solulions or drugs tor parenterst
therapy. Bacleriostatic sodium chloride, USP, is frequently used in the managemenl ol critical-
ly it patients to flush intravascular cathoters alter the addition of medications or the with.
drawal of blood; and slerile bacteriostalic water for injection, USP, is used ig dilute or recon.
slilute medications for intravenous yse. In sddition, medicalions. such ¥ some lormulalions
of sodium heparin, USP, that are Irequenily used for infanis and other critically ¥ palienis
msy be preserved with benzy! sicohol.

Toxic ellects of benzyl alcohot, including raspirstery fsflure. vasoditation, hypotension,
Convuisions, and parstysis heve bean known for yesrs (7.5 I. Hawever, tilite is known aboul
the loxic eifects or levels of benzyl sicohol in neonsles, sspecially in sick prematinre infants.
Animal loxicity sludias 16' show an Loy, of spproximately 33 mi‘kg (300 mg/kgl in raty
trested by repid Inluvcﬂlous infusion with 0.9% benzy! ﬂcohol.? sithough 40 mb/kg {360
mp/kad by slow Inmv:{:‘ infusion was tolersied withow mortality. Adull dogs ware. killed
by doses of 88.113 0 1830-1080 mgg) of 0.8% beaeyl weohol intravenously, but
tolarsied smaller infusio without signs of 1oxicity. The serum hail-lite of benzyl sicohol in
»dult dogs is estimetad lé 1.5 haurs. On the basis of the enimol studies, It hes bsen ectimated
that rapid intravenous infision of sdift humens with as much as 39 m! ot 0.9% benzyl slcohol
lapproximately 4.5 mg/xg) in seline should be sale ig), i : :

Benzyl sicohol is norrhally oxigized repidly (o banzolt acid. confugsted with plycing in the
liver, snd axcreled as hi puric acid. Howevar, thiy metabolic pothway may nat be wall devel.
oped In prematwre infan 5. The benzyl slcohol may tharalore have liesn mstohirlized 10 hon-
tolc acid, which could be conjugated by the immature fiver b sccumutated, causing
metabolic acidosis {2). i

Thase reports of necinetel toxicily from benzyt slcohol we 'l‘dhly noieworily. Howevaer,

borms most likely 10 receive large volumes of flush loluilon!. relative to body weight, sre 1he
very smal, sick prematuin infants who siready hpve » high risk nt martelity. Thus, mortslity
potentisily atiributable td benzyt sicoho! shouty also ln’uussad by & corelud comparison ol
neonasts mortality in newborns receiving large smounis of non-bacierioslafic liush solutiong

nawhorns,

Relerencas

L. Gmrshanik JJ, Beacher B, George W, Sols A, Laither M, Kapadious C. Gosping syndioms bensylalco.
hol poispning. Clin Nes 1981;29-895s

2. Biown W.J, Ruist NRM, Gipson HTC, Huston NK, Kennawey NG Benryl alcohal Poisoning a esuse of
metabolic scidosis end death in neonat infants. Lancal lin press). ’

3. Macht DI A phermscological snd tharepautic study ol soma henzyt agiers J Pharmacol
1918:11.4158.48.

4. Gruber CM. The pharmacology of benzyt alcohol and its esters. Jtal Clin Med 1923.9 15

5. WHO Drug Intormstion Bultstin 1981 (Jan.Jun), pp» 29, 31,

6. Kimura ET, Derby 10, Kisuse RA, Bcondyk HD, Perantsral toxicity siudies wilh benryl sl ohol Tawicol
Appl Pharmecol 1971;18:80. .




BEST POSSIBLE

. *!OT’PE -TMS material m

+*
may &

"'l

9 ;- :_ w
Gopyrightlaw IT e 17 U.S. Cozey

Fatal Benzyl Alcohol P01somng
inN eonatal Intens1ve Care Units

A New Concern for Ped:atncxans

In May 1982, the Food and Drug

Administration urged hospitals -

and pediatricians to discontinue the
use of intravenous (IV) infusions of
saline solution containing benzyl aleo-
hol, as well as medications containing
benzyl alcohol as a preservative, in
premature infants. More than 50,000
letters were mailed to pediatricians,
hospital pharmacists, and hospital ad-
ministrators notifying them of the
obiem.’ The FDA based its recom-
sendation on the results of two studies
that suggested that benzyl alcohoi,
used as a preservative in small multi-
Ple-dose vials of sodium chloride solu-
tion or water for injection, had caused
a fatal toxic syndrome in premarture
infants.
The suspicion that a benzyl aleohol
preservative was associated withthese

574 AmJ Dis Chiid—Vol 136, Nov 1982

neonatal dea!.hs was ﬁnt. raued by

" Gershantk and associates® from the-

Southern Baptist Hospital, New Or-
leans, at the January 1982 meeting of
the Southern Society for Pediatric Re-
search. Gershanik and his associates
described five neonates during a 16-
month peried of time; all were preterm
infants with a gestational age range of
26 to 30 weeks and birth weights rang-
ing from 620 to 1,380 g. All five infants
had respiratory difficuity that re-
quired mechanical ventilation. place-
ment of umbilical catheters, and fre-
quent blood analyses, and all had
demonstrated intracranial hemor-
rhage. All infants received frequent
injestions of heparinized sodium chlo-
ride sojution containing 0.9% benzyl
slevnol as “flushes” for IV lines. In
addition, medications given to these

-infants were reconstituted with water

‘~that -contained benzyl alcohol. The
total volume of such solutions that the..'_ :
‘affected infants received was estidl
mated at 11 to 26 mL/kg/day, with the
calcuiated doses of benzyl aleohol bie- -

ing 99 to 224 mg/kg/day. g <

The syndrome (“the gasping syn-
drome”) experienced by these five [~
fants included progressive CNS. de-
pression and hypoactivity, increasing
respiratory distress, severe metabolic
acidosis, gasping respiration, throm-
bocytopenia, hepatic and renal failure,
hypotension, and eardiovascular el
lapse followed by death. At postmor
tem examination, no cause for death
was demonstrable. In each infant, ben-
zyl aleohol was identified in the urine,
with concentrations ranging from 50t0
more than 200 mg/L. In addition, hip-
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puric acid, an end product of benzyl
alcohol metabolism, was identified in
the urine. The use of benzyl alcohal in
flushes and in mediestions wes discon-
tinued in this nursery, and no similar
cases oceurred,

In May 1982, Brown and colleagues’
from the Emanyel Hospital, Portland,
Ore, deseribed 11 infants, all weighing
less than 1,250 g, who they believed
suffered from benzyl aleohol poison-
ing. During the six-menth period of
their study, August 1081 through Jany-
ary 1982, ten of 11 infants died. Nine
infants were sufficiently il to require
ventilatory support, and all had at
least one central venous or arterial
catheter. All infants were receiving
ampicillin sodium and gentamicin sul-
fate and standard fluid and electrolyte
solutions. Normal saline selution eon-
taining 0.9% benzyl alcohol was used
during catheter placement to flush the
catheters after administration of medi-
cation and after blood sampling. The
average dose of benzyl aleohol was
estimated to be 191 mg/kg/day; one
iniant received 405 mg/kgiday.

Symptoms usually occurred be-
tween the second and fourth day and
included progressive obtundation, de-
treased responsiveness, suppression
ofthe EEG, frequent seizures (eight of
ien infants within 24 hours of onset of
dness), progressive bradycardia, met-
adolic acidosis with an average anion
£2p of 29 mmole/L, hypotension, car-
diovascular collapse, and death. Ten of
Ul infants were unresponsive to ther-

| avy.

Gas-liquid chromatography on urine
samples disclosed benzoic asid (an
intermediate product of benzy] al-

" eohol metabolism) values of 4.4 to

6.1 mg/mg of creatinine (nermally,
only 3 trace is present) and hippuric
iid values of 7.4 to 33.9 mg/mg of
Teatinine (normally, only a trace is
Aresent). Serum benzoie acid values in
Jve infants ranged from 8.4 to 28.7
Amole/L (normal, 0 mmole/L); this
Rriially explains the anjon gap Inone
Mant who survived, use of benzyi
Ueoho! was discontinued because of
,%e presence of a large anion gapand a
frum  benzoic acid level of 14.4
Tmole/L, with subsequent fuil recov-
oy,

J
' Benzylaleohol is oxidized in the liver

" J Dis Child—Vol 128, Nov 1582
L]
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to benzoic 2cid and then conjugated
with giycine to form hippurie acid.
Kimura and associztes’ have demon-
strated that the lethal dose for 50% of
rats given 0.9% benzv! alechol [V as a
single dose is 305 to 450 mg:kg. This
dose is not too far removed from that
given to premature infants during the
course of a day in the previously de-
scribed cases. Furthermore, clinical

" manifestations produced in animals

given toxic doses of benzy) alcohol*

simulate those described in human in-

fants by Gershanik et al* snd Brown
and colleagues.’ It has been postulated
that the quantity of benzoie acid pro-
duced may exceed the capacity of the
immature liver for detoxification, so

* that accumulation of benzoie acid oo-

curs with subseqoent metabolic acido-
sis. 'While the benry! aleohol in both

studies was given on multiple occa-’

sions (rather than as a single dose),
immaturity of Hver- enzymes with
slowed metabolism of the parent com-
pound (benzy! aleohol) and its metabo-
Lite (benzoic acid) could lezd over time
to accumulation of both compounds.
Each seems to be intrinsically toxic at
increased serum concentrations. Ben-
zoic acid is thus a plausible explanation
for the observed metabolic acidosis
and increased anion gap. The cause of
neurologic symptoms is not yet clear at
this time but is presumably due to the
toxicity of benzyl aleohol or one of the
metabolites.

While it is clear that Gershanik et al*
and Brown et al* have presented data
that are uncontrolled and wanting in
some quantitative respects, it seems
most appropriate for the FDA to alert
Ppediatricians to the potentia] risk asso-
ciated with benzyl alcahal. This is par-
ticularly true because there are alter-
native solutions; such as-sedinm chlo-
ride or water for injection, that contain
no benzyl alcohol for flushing IV lines,
as well a3 for reconstituting medics-
tions.

Concern might be raised that eon-
founding mediea! disease (bactersmia
and sepsis) may have existed in some of
these infants and could conceivably
have accounted for their illness. The
fact that thia syndrome has nor ¢e-
curred, howsver, after the discontinu-
ation of use of benzy] alecho! in these
two nurseries, adds plausibility to the

Presumed toxicity of the-alcohol. Cer-
tainly, one would like to have further
data concerning the toxic effects of
benzyl zlechol, benzoic acid, hippurie
acid, and other possible but as vet
undetermined metabolic preduets. In
addition, one would like to have data on
the rate of accumulation of specifie
metabolites and on the specific stepsin
the metabolism of benzyl aleohol that
are delayed in the premature liver.

The amount of kenzyl aleohol con-
tained in IV miedications used in tha_ .
bursery is small, eg, aminophy L
bydrochloride (2%), elindamyein phos-
phate (0.9%), and heparin sodium
{0.1%). The volume of fluid as sodium
chloride containing benzyl alcohol,
however, is large and is thus a risk for
the premature infant, While further
studies are being carried out to con-
firm and clarify the mechanism of tox.
icity of benzyl aleohol, it is pradent for
pediatricians to discontinue the use of
solutions that contain benzy! aleshol to
flush IV eathetars in premature in-
fants. Sterile sodium chloride for in.
jeetion (not bacteriostatic sodium chlo-
ride) should be used instead. Further-
more, reports of possible or definite
toxic effects associated with benzyl
aleohol should be reported tothe FDA.
While these solutisns have been used
in adults for decades with apparent
impunity, the present experience
serves to reinforce the fact thar ehil
dren znd neonates ara clearly diffarent
than aduits as it relates tothe handling
of drugs.

FrepeRricx H. Loveioy, Jr, MD

Children’s Hospital Medical Center

300 Longwood Ave

Boston, MA 02115

Raferencas

L Food and Drug Administretion Bullstin,
Dept of Health and Human Services, May 29,
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LOW-DOSE STEROID REGIMENS AFTER RENAL
TRANSPLANTATION

SIR, —We support Professor de Wardener's view (April 24, p. 962)
that Professor Moz and collmgues’ paper on low-dose prednisone
in renal transplanation was ungenerous 1o other workers and
disagree with the Oxford team's reply that the reports of MeGeown
and colleagues did por have a major impscr on practice. The
excellens resulrs of the Beifast unit led us, from May, 1978 to May,
1979, to do a prespective conmolled rrial of low versus high dose
steroids in the mesr acrive mansplant hospital in the UK In
contrast to the Oword series our lowedose patients received
prednisolone 20 my daily, 23 recommended by McGreown,® and we
did not routinely give intravenous methyiprednisolone at the end of
the first week. Though we do ot suggest that inrravenous and oral
steroid doses are equivalent, the additional intravenous steroid
given by Morris e al 1o their low-dose group led to 3 similar rotal
steroid 1o that in their high dose group, 11 -8 g compared with 11-0
g in the first three months. We reported no difference in graft
survival berween the high and low dose groups but did find a
significantdy higher mortality in the high dese group.? Since our

srudy was completed, we have routinely used low dose steroid

regimens. A further 220 paticans have been transplaned with a
continued low mortality. .

Remal Unir,
Quesn Eliaaberh Howpiaal, }J. A C Buckm s
Bumungram 315 7101 A D. Banues

FATAL BENZYL ALCOHOL POISONING IN A
NEONRATAL INTENSIVE CARE UNIT

SiR,—Berween August, 1981, and Jasuary, 1982, sixteen infants
weighing <1250 g were admitted to our nursery. Ten of these babies
died of a syndrome which we feel was caused by benzyl aleohol
poisoning. One infant with the biochemical halimarks of this
syndrome recovered after benzyt alcohol was removed from his
intravenous fluids. The purpose of this letter is to alert clinicians to
what appears to be 2 major cause of neonatal merhidity and death, &,
more detailed report is in prepararion.

Of the ten infanes whom we recognised as baving developed the
syndrome, nine were ventilaror dependent and all had ar least one
cearral catherer. Al infanis were recciving ampidillin and
gentamicin  and srandard fuid and  elecoolyte  therpy.
Bacreriostaric normal saline coaraining benzyl slcohol § mp/ml was
used during catheter placements, to flush the catheters after
administration of medication, and after blood sampling.

Although the quantity of saline flush in che ten cases varied, the
minimum intake was 14-4 mlfkg/day (130 mg/ke/day of benzyl
alcobol); the average volume was 3t least 21-2 mlkg/day (19
mg/kg/day); some days the volume of flush was 33 high a3 45 mlkg
{405 mg/kg).

Before the cnser of symproms, usually arcund the second to
fourth day, a!l the infants developed progressive metabolic acidosis,
the average anjoo gap at thot-tiene being 29 sunol/l (normal
* 12+18). Slowly progressive bradycardia, often associared with
E1ping respiration, soon followed Seizures were frequent (eight
cases out of ten) and usually deveioped within 24 h. The infants
became gradually more unresponsive with very depressed EEGs,
and eventuslly they had only refller movements or scsional
gasping respiration. Hypotemion leading to cardiovascular cotlspse
wat 2 late finding, usuily presaging dexth. Inmacranial
haemorrhage was present io six cases (grade | infive, grade [l in
one).

The clinical pictare was therefore that of an infant with a severe
meiabolic acidosis who was unresponsive to treatrment and whose
symprot resembled those of 3 progressive encephalopathy.

The clue ro the c3use of the scidosis came from examination of the
urinary organic acid profile by gas-liquid chromatography. All

1. MiGrewn MG, Laughndgt TGG. Alexander JA, Mt Evay |, Kennedy JA. Douglas |,
Clarie 8D, Hewwr JC. Nodues SD. 100 kutnry irasapianes in (b Bellam oy
MHowpiral, Lamem 1977, ui: o451

2. Buciels JAC. Mackisesh P, Rarses AD. Cantroilal tral of tow vorss bigh dose onal
Merd sherupy in 100 cadavens resal trasspliars. Prec EDT.H 1981; 1l 14-99,
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samples conained buge quantities of benzoic and bippuric acid
Retrospective analyses of urine which had been saved frozen fram
five infants revealed urinary benzoate values of 4:4-16-1 mg/mg
crearizine (normal & erace at most) and urinary hippurate values of
7-4=33'9 mg/mg aerinine {(normal 3 trace 2t most). Serum
benzoic acid values have been measured on five of the infants; values
range from 8-4 1028+ 7 mowol/1(notmal 2ero). Thus, at least in these
infanw, the benzoic acid accounts for much of the unexplained
smion gap.

‘The coe infant who survived acquired metabolic acidosis by 36 b
of age. At that rime the anion gap was 36 and the serum benzoic scid
14-4 mmal/l. Within four days of withdrawal of the benzyl alcchol,
the binchemical values had rerarned ro sormal. .

‘We posmiate thar the berzyl alcobol is merabolised to benzoic
acid which is then converred by the liver to hippuric acid. The
quanrity of the benzoic acid exceeded the capacity of the immature
liver for deroxification so that the benzoic acid acewrmylared in
serum, causing the merabolic acidosis. The cause of the neurologicl
symptoms is not yet clesr, but presumably they are due to the
toxicity of benzyl aleohol or one of its metabolites. :

Since we stopped using bacrerinstaric oormal saline, five out of six
infants weighing <1250 g who have been admitted to our unit have
survived Gershanik et al! have suggested that benzyl alcahol way
responsible for at least five deaths in their unit. Qur findings, which -
extend their dats considerably, support that conclusion. Until
further data are gvailable, we recemmend thar the use of fluids
containing benzyl altobol be discontinued in the care of small

This work supponied by grant C-198, March of Dimes Bink Defern,
Foundarion. toath
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o Oregus Hoalth Scitncas Uairersivy,
NaNCY G. KENNAWAY

Purtiond, Oregon IT201, US A

ALCOHOL AND THE RULE OF FOUR

S, ~Your editorial on alcobal disease (May 15, p. 1105) states :
that the “safe’’ wpper limit of daily consumprion is *four pinrs of
beer or four mexsures of spirits”. This is misleading, unless you
meant double measures of spirits. Half'a pint of beer (285 ml; 3-6g
ethanol per 00 g) is roughly equivalent 1o one measure of, say,
whisky {one-lifth of a gill (28-5 mil; 35 g per 100 )7 30 the
corrected safe upper limit might perhaps be four kalf-pints or four
nips.

Aberiioss Aoyl lafirmary,

Abwrdoss ADY 273 P.LawrorD '

FERTILITY AFTER GONORRHOEAL PELVIC
INFLAMMATORY DISEASE

S, ~In your Feb. 20 editorial on the bacteriology of acute pelvic
inflammatory disexse (P1D) you stated thar inveluatary infertility
was more common afier gonococtal than after non-gonocoecal PID.
The paper cited” has been misquoted since it states: *In this srudy
fenility was reduced less by gonorrheal salpingitis than by noo- -
gonorrheal infections.™
Dy of Sexaatty T s
Newcsale Gereral Hupol,
Novmectile wpon Tyme NE4 SDE

R S.PatraaN

** The above 2 eriticisms are just.—Ep. L.

1. Gurshapsh 1], Bawerler B, Gantrpe W, o1 il The prupang synutram: Benry) ab:ohal {5141
posnng? Cin X 199): 5 94A
L Dum K, Leminey C ats. Gergy scuemnuic mabies. Sth pd. Bale: Geigy, 1970: 302,

-3 Tonrdm L Effeers o scwre poime inlacmatery disesse am fermiliny. 4w ) Ubsint

Gwwcal 1978221 T07=13.
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hapter Vill

Pediatric End-Stage Renal
Disease

Key Words:

+ Pediatric ESRD

« ESRD incidence in children

« ESRD patient survival in children
» Pediatric dialysis .
Causes of pediatric ESRD

Renal transplants in children
CAPD in children

Hemodialysis in children

Unique characteristics of children and adolescents make it imperative to specifically evaluate their
different etiologies of renal failure, treatment, mortality, and overall patient and transplant graft survival.
(McEnry; Fine, Salusky, et al 1987; Fine 1987; Ettenger 1987). These factors include development of
cognition, secondary sexual characteristics and physical growth. It has also been reported that there are
differences in immune responsiveness in children (Ettenger 1987; Parekh 1995) which may account for
differences in transplant outcomes. For these reasons, the pediatric ESRD population requires special
attention, and this chapter will focus on the incidence, prevalence, and modalities of treatment, survival
outcomes and cause specific mortality as related to the national pediatric ESRD population.

The reported upper age cutoff for pediatric patients used among the ESRD registries worldwide ranges
between 15 and 19 years. As in earlier Annual Data Reports, this 1998 Annual Data Report defined
pediatric as all patients less than or equal to 20 years. In many of the analyses in this chapter, pediatric
patients are further divided into 5-year age groups: 0-4, 5-9, 10-14, and 15-19 years.

Several definitions of age are used in this chapter: 1) age is defined as age at onset of ESRD for analyses
of incidence and dialysis patient survival; 2) age on December 31 is used for analyses of point
prevalence; and 3) age at time of transplantation is used for analyses of kidney transplants. In all cases,

. only patients less than 20 years of age are considered here.

Incidence of Reported Pediatric ESRD

- Pediatric annual incidence counts for the 1995-96 period (1.087) increased compared to the 1993-94
period (928). Last year’s report showed a small increase in incidence in 1995, This was thought to be
due more to the inclusion of non-Medicare patients in the 1994-95 incident patient counts reported by
HCFA rather than an increase in diagnosis and treatment for younger patients with ESRD. Future

: incident data will need to be collected to ascertain whether there is an actual increase in incidence for
( pediatric groups. '

Table VIII-1
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_ Pedlatric ESRD Incidence and Prevalence
' Counts and Rates, 1994-96

incidence Point Prevalence*
Age Average Unadjusted Average Unadjusted
at Counts  -Annual Counts Annual
Incidence PerYear  Rate™ Per Year Rate
0-4 158 9 %2 20
59 137 8 676 36
10-14 242 S s 1284 70
1519 523 N 2455 136
Ali Pediatric (O-19) 1,060 15 4777 65
_ Adults (20-44) 12052 122 69374 694
Table VIII.1. *Alive on December 37 o -Y0. **Per million ppulation (in each group), adjusted for

sex and race. Patients in Puerto Rico and US, Territories and cases where race is "other” or

"unkmown" are excluded Counts are averaged over a three year period. Includes Medicare and
Non-Medicare

catiy v

Among both the pediatric and adult ESRD populations, rates of ESRD incidence increase substantially
with increasing age. The incidence rate of treated ESRD, adjusted for race and sex, is much higher
among adults than among children. During 1996 the adjusted ESRD incidence rate per million United
States population (in each age group) was 13 for ages 0-19 years, 117 for ages 2044 years, 542 for ages
45-64 years, 1144 for ages 65-74 years, and 1079 for ages 75 and over (Reference Table A.6). A higher -
ESRD incidence rate with older age is also found across the 5-year age groups within the pediatric
cohort, when adjusting for differences in sex and race. Table VIII-1 indicates that average incidence

(  rates over the combined years 1994-96 were more than twice as high among children 15-19 years (30 per
million) compared to children 10-14 years (14 per million), and more than three times higher than rates
for children 0-4 (9 per million) and 5-9 (8 per million) years of age at onset of ESRD. Average annual
counts of incident ESRD among children for the years 1994-1996 show that 523 out of the 1060 children
rewly beginning treatment for ESRD (49 percent) were between the ages of 15 and 19 (Table VIiI-1).

Figure VIII-1
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Pediatric Treated ESRD Incidence Rates
by Race and Age, 1994-96

Rate / Million Pop / Year

60 1| mWhite N Black OAsian/P.l. W Native Am.

04 5.9 10-14 15-19
Age viI- 1

Figure VIII-1. Reported pediatric ESRD incidence rates per million population by age group and race,
adjusted for sex. Average rate per year, 1994-96. .
Includes all children (ages 0-19 years) adjusted for sex. Patients in Puerto Rico and U.S. T, erritories

. and cases where race is “other" or “unkmown" are excluded. Medicare and Non-Medicare patients are

" Ama

included. Source: Reference Tables A.8 and A.3)

year for the 1994-96 period were 11 for Whites, 26 for Blacks, 14 for Asians/Pacific Islanders, and 21
for Native Americans. The higher overall incidence of ESRD for Black children was primarily the result
of an almost three-fold excess of ESRD, in the 15-19-year-old age group among Blacks compared to
Whites (62 per million versus 2] per million). Treated ESRD incidence rates in Whites and Blacks
differed less in the younger age groups. The incidence rates for Native Americans show a similar pattern

compared to Whites, with a rate of 39 per million in Native Americans between the ages of 15-19,
almost twice that of Whites in the same age group.

Figure VIII-2
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{ Pediatric Treated ESRD Incidence Rates
‘ by Sex and Age, 1994-95
150 Rate/ Million Pop. / Year .

M Maie BFemale

120 -

04 58 1044 1519 018 2044
' A b Dot ot Vel 2
Age atIncidence. TETTIT

Figure VIII-2. Reported pediatric ESRD incidence per million population by age and sex, adjusted for
race. Average rate per year, 1994-96. Incidence rates Jor children (ages 0-19 years) are adjusted for

race. Patients in Puerto Rico and U.S. Territories and cases where race is “other” or “unknown" are
excluded. Medicare and Non-Medicare patients are included. Source: Reference Tables A.8 and A.3]

—
.

congenital disorders including obstrucrive uropathy and renal dysplasia, which occur more commonly in
boys and are the cause of 15 percent of the total incident cases in the pediatric ESRD population.

Causes of Pediatric ESRD

The largest single disease group causing ESRD (Table VIII-3) in children is primary glomerulonephritis

(31.7 percent of all reported causes), followed by cystic/hereditary/congenital diseases (24.4 percent). -

Hypertension only represented 5.0 percent of all pediatric ESRD. Diabetes is an extremely rare cause of : '
ESRD in the pediatric population; only 1 in 2000 patients with ESRD due to diabetes falls in this age !
group. The distribution of causes of ESRD by age group for the pediatric patients incident during ;
1992-96 is shown in Figure VIII-3. Among the younger patients, 0-4 years old, cystic/hereditary/ :
congenital disease was the primary cause-of ESRD). Among the older patients, 5-19 years of age at onset l
of ESRD, glomerulonephritis (GN) and collagen vascular diseases was prominent.

Figure VIII-3
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@ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

- Food and Drug Administration
NDA 20-955 Rockville MD 20857

R & D Laboratories. Incorporated

Attention: Rhoda Makoff. Ph.D.

4640 Admiralty Way. Suite 710 FER - & -
Marina del Ray, CA 90292 EB -5 =3

Dear Dr. MakofT:

Please refer to your new drug application dated December 23. 1997, received
December 30, 1997, submitted under section 505(b} of the Federal Food, Drug. and Cosmetic
Act for Ferrlecit® (sodium ferric gluconate complex in sucrose injection) 62.5mg/5ml.

We request that you commit, in writing, to providing the following information post-approval:

1. Clarify whether or not the calibration curve for the method for Apparent Molecular
Weight is a straight line (page 0631, Volume 14.2, Attachment V of the August 19, 1998
submission) or a curved line (page 169, Volume 1.4. of the December 23,1997
submission). Ifit is 2 curved line, please discuss any additional mathematical treatment
employed to calculate the molecular weight values,

2. When sufficient stability data are available for extension of the 12-month expiry, please
provide these data in a prior approval supplemental application.

Clarify whether packaging component test procedure Normal Inspection Level
L applies only to one in ten shipments. and that test procedure Reduced

Inspection Level L. will be used for all other shipments.

LI

Please commit 10 providing this information within six months of the approval date for this
application.

If you have any questions, please contact Brian Strongin. Regulatory Health Project Manager, at
(301) 827-7310.

Sincerelv vours.
s/

Lilia Talarico. M.D.
Director
Division of Gastrointestinal and
. Coagulation Drug Products-
Office of Drug Evaluation II
Center for Drug Evaluation and Research
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NDA 20-955

R & D Laboratories, Incorporated

Attention: Rhoda Makoff, Ph.D. - e
4640 Admiralty Way, Suite 710 : P
Marina del Rey, CA 90292 ‘ B NOV -2 g

Dear Dr. Makoff:

Please refer to your new drug application dated December 23, 1997, received
December 30, 1997, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic .
Act for Ferrlecit® (sodium ferric gluconate complex in sucrose injection) 62.5mg/5ml,

We acknowledge receipt of your submission dated June 9, 1998.

We request that you comniit, in wutmg,to conducnng*hnfou;v;ngsmd:c&or gathering the
following information post-approval: L e et .

1. a Segment I. intravenous fertility and mpmducﬁve performance study in the rat;
2. a13-week intravenous subchronic toxicity study in the dog;
3. a pilot human pharmacokinetic study of Ferrlecit®;

4. a study to determine the optimal dosing regimen for patients rcqmnng repeated courses of
Ferrlecit® for the achievement of iron repletion and for the maintenance of iron repletion;

a study to determine the safe apd effective dosing regimen in the pediatric population;

6. a study to provide additiona! safety data such as the study described in the draft protocol
entitled, “Cross over, Randomized, Blinded, Prospective, Multicenter, Clinical
Evaluation of the Rate of Serious Allergic Reactions and Other Serjous Adverse Effects
to Ferrlecit Injection in iron deficient, anemic, hemodialysis patients as compared to
placebo”, included in the August 19, 1998 submission; -

7. and gathering additional information (i.c., literature reports, adverse drug reaction reports)
concerning the possibly increased risk of allergic/anaphylactic reactions in patients
receiving ACE inhibitors and Ferrlecit® concurrently.

We recommend that draft protocols for the studies described above be submitted to the Agency
for review and comment prior to initiation of the studies. Finalized study protocols,
incorporating Agency comments and recommendations, should be submitted to BND!

Please include a proposed schedule for the initiation and completion of these studies as well as
the submission of final study reports or requested information. '



NDA 20-955
Page 2

If you have any questions, please contact Brian Strongin, Regulatory Health Project Manager, at
(301) 443-0483.

Sincerely yours,

I.l

Lilia Talarico, M.D.

Director

Division of Gastrointestinal and
Coagulation Drug Products

Office of Drug Evaluation I

Center for Drug Evaluation and Research
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high-dose Ferrlecit, while significant increases from baseline in the low-dose group
occurred only for hematocrit and serum ferritin (based on paired t-test analysis).
‘When compared with the low-dose group, changes from baseline to endpoint in mean
hemoglobin, hematocrit, percent iron saturation, MCH, and MCV were significantly
better for the high-dose group. Further, analysis of mean changes over time for
hemoglobin, hematocrit, and percent iron saturation were significantly higher for the
high-dose group than those for the low-dose group. This analysis demonstrates that,
throughout the study and at a]] time points, high-dose Ferriecit was superior to low-
dose in effectively treating anemia in iron deficient dialysis patients.

For both dose groups, when data were analyzed over the entire time course of the
study, mean changes for hemoglobin and hematocrit indicated significant clinica)
improvement over time and none of the efficacy variables indicated worsening
clinical status. . A higher baseline tHuEPO dose contributed a significant effect on
increases in hemoglobin and in hematocrit in the dose-control phase of the study,
which is explored in the analyses of confounding factors and discussed in detail in  *
the section on “rHuEPO-sparing” effect of iron administration.

Evidentiary Support for Maintenance Dosing After One Gram of Ferrlecit

As noted in the introduction, the National Kidney Foundation recently established
a task force of independent physicians to review all available clinical data on the
management of anemia in patients with chronic renal failure. The Dialysis Outcome
Quality Initiative (DOQI) anemia guidelines were published in October, 1997 (34).
These guidelines stress that many dialysis patients are unable to meet target
hematocrits of 33-36% based on persistent iron deficiency notwithstanding
improvement in laboratory parameters of iron deficiency following episodic
intravenous iron supplementation. As pointed out by the guidelines, and summarized
in the introduction, “no test exists” which adequately assesses iron status in the
hemodialysis patient. This is because serum ferritin levels are uniformly elevated in
patients with CRF beyond that traditionally associated with iron deficiency, and
transferrin saturations respond acutely and variably to iron administration without
providing an accurate assessment of available iron stores. Instead, DOQI guidelines
recommend that 100 mg of iron be administered intravenouslyat every hemodialysis
for 10 doses in patients who preliminarily meet entry criteria for iron deficiency
anemia These entry criteria {hematocrit < 33% on rHuEPO, ferritin < 100 ng/ml,
and transferrin saturation (TSAT) <20%) are nearly identical to those used in this
study, although they permit a lesser degree of anemia and iron deficiency.

The DOQI guidelines state that, following administration of 0.5-1.0 gram of

intravenous iron to such a patient, if the patient does not reach target hematocrit, the
following course should be undertaken: :

42




If in response to this course of iron there is no increase in Het/Hgb
and no increase in serum ferritin and TSAT level, at the same dose of
Epoetin, a second course of IV iron should be tried. If, in response
to this second course of IV iron, there is still no increase in Hct/Hgb,
but either TSAT or serum ferritin level increases, then the weekly
dose of IV iron should be reduced to the Iowest amount required to
maintain the TSAT 220% and the serum ferritin> 100 ng/ml. If, on

- the other hand, in respanse to either of these courses of IV iron, there
is an increase in Hctﬂ{gb-ht'cg--conmﬁg‘iu:c;of Epoetin, or a #hbie
Hct at a decreased dose of Epoetin, then it is reasonable to administer
50to 100 mg of iron IV once per week for 10 weeks again in an effort
to achicve and maintain the Het/Hgb at 33-36%/11-12 g/dL.

The dose control phase of this study provides further evidentiary support for these
consensus guidelines. The mean hematocrit and hemoglobin values of patients in
this study did not reach the DOQI target levels of 33-36%/11-12 g/dL at any time
point. The patients in this study, despite statistically significant improvement, did
not have resolution of anemia. Further, although there was significant improvement
in TSAT in the high-dose group, and significant improvementin serum ferritin levels
in both groups, in neither group did these laboratory parameters of iron deficiency
reach levels at which the DOQI guidelines recommend cessation of further iron
therapy. And, even with high-dose therapy, despite statistically significant
improvement in hematocrit and hemoglobin at all days, iron saturation began to
decline by Day 47 (from 16% at baseline to a peak level of 24-25% to a final level
0f21%). In the low-dose group, TSAT at the end of the study was nearly identical
to that at baseline (Figure 1). Similarly, in both patient groups, peak serum ferritin
levels were achieved between days 19 and 31, and levels began to decline at Day 47
(Figure 2).

In this study, therefore, 30 days after completion of administrationof 1 gram of iron,
patients remained iron deficient and anemic by current standards notwithstanding

significantimprovementiin iron deficiency and anemia as a result of therapy. Thus,

these patients have demonstrated a need for greater than 1 gram of iron
administration.

APPEARS THIS WAY ON ORIGINAL
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Figure 1. Mean values for percent iron saturation in patients
receiving low- or high-dose Ferrlecit.
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Figure 2. Mean values for serum ferritin in patients receiving
low- or high-dose Ferrlecit.




Further support for this continuing deficiency can be found in the fact that
hemodialysis patients randomized to treatment with only 500 mg of Ferrlecit
demonstrate near-normalizationof laboratory parameters at the earliest efficacy time
points despite minimal or only temporary improvementin hematocrit. In short, these
patients continued to be iron deficient. As shown by the demographically and
otherwise comparable, randomized, high-dose control group, empiric administration
of an additional 500 mg of Ferrlecit to the low-dose patients would have resulted in
significant increases in hemoglobin and hematocrit. In the low-dose patients, this
study, in effect, created a patient population with “functional” iron deficiency. A
total dosage of 500 mg was inadequate to significantly correct anemia despite
improvement in parameters of iron stores. The lower dosage group, therefore,
unveiled and proved the existence of functional iron deficiency.

This study provides evidentiary support for continued intravenousiron administration
to iron deficient anemic hemodialysis patients-on rHUEPO until either of the
following events are reached: (1) target hematocrits of 33-36% are achieved; or, (2)
any laboratory indicators of even the smallest potential of acute or chronic iron
overload are present. The latter occurs by medical consensus at transferrin saturation
levels of > 50% or serum ferritin levels of > 800 ng/mL.

8.4.1.3 Historical (oral-dose) control Phase, Intent-to-treat Patients

1. Analysis of Covarance of Mean Change in Hemoglobin, Changes in
hemoglobin from baseline to endpoint for the 3 treatment groups are
summarized in Table 10. The mean change in hemoglobin from baseline to
endpoint was significantly greater in the high-dose group than that in the low-
dose group (p=0.002) or that in the historical (oral-dose) control group
(p=0.001). No significant difference in mean change in hemoglobin was
observed between the low-dose and historical contro! groups. Increases in
hemoglobin from baseline to endpoint were significant for the high-dose
group (high-dose p<0.001) and for the historical control group (p=0.016). No
significant effect of age category was observed in subgroup analyses. Results
from individual investigator sites are displayed in Table 10a. Significant
differences between the high- and low-dose groups (p<0.001) and between
the high-dose and historical control groups (p=0.013) occurred st the Lindsay
site. At the Nissenson site, a significant difference occurred between the
high-dose and historical control groups (p=0.002). No other significant
differences between groups occurred, and the differences between the low-
dose and historical control groups were not significant at any site.

2. Influence of Baseline rHUEPO Dose on Change imHemoglobin. The
possible influence of baseline tHUEPO dose was examined by using an
ANCOVA. The bascline level significantlyinfluenced change in hemoglobin

45

-3 115




ATTACHMENT 2

APPEARS THIS WAY ON ORIGINAL




o em e e ‘ : . : i

BEST POSSIBLE @

8.4.1.5 Analyses of Confounding Factors (Dose-Control Phase)

Patients in the dose-control phase all received investigational drug substance as we])
as tHUEPO. Both drug substances are intended to treat anemia, and could be
expected to cause independent effects on the primary efficacy measure of
hemoglobin. Therefore, in the primary analysis, the influence of baseline tHUEPO
on WT_L__MM%Q ANCOVA. This analysis demonsirated
that baseline tHUEPO significantly influenced change in hemoglobin as was expected
(Section 8.4.1.1). Atentry, patients were accepted as long as rHUEPO administration
levels were less than or equal to 10,000 units three times per week. This resulted in
 entry of patients with varying baseline tHuEPO administration levels from 3,000

units to 10,000 units. Further, 22 patients required changes in rHuEPO
notwithstanding that the protocol forbade rHuEPO changes.

During consultation with FDA, a request was made to analyze the relative effect of
tHuEPO and intravenous iron administration from the data set obtained from this

study in order to determine the level of rHUEPO-sparing effect that appropriate use

of intravenous iron might have on anemic dialysis patients with signs of iron
deficiency. The two factors unintentionally introduced into this tral--variable
baseline rHUEPO administration level and changes in tHuEPO administration--
permit a retrospective analysis of the relative effects of baseline rHuEPO
administration levels and therapeutic attempts to increase hemoglobin by
manipulating administered rHuEPO, as compared to the administration of Ferrlecit.
Consequent to the request by the FDA, a statistical model was applied in which the
change in efficacy value was assumed to be influenced by variations in basclinq
efficacy value, study center, baseline tHuEPO dose, and the change in rHUEPO dose.
Positive and negative coefficients were assumed to apply to, respectively, increases _
or decreases in weekly rHuEPO dosing strategy. This analysis demonstrated that the {1
investigator’s spontaneous changes in level of weekly administration of tHuEPO | ( '
during the study had no demonstrable effect on the primary efficacy variable-chm_ng
in hemoglobin. One can reasonably conclude from this analysis that, once anemic ¢ '~
dialysis patients with iron deficiency are on intravenous iron, physician-ordered
adjustments to rHuEPO doses are ineffective in the management of anemia.

Since change in tHUEPO dose did not significantly influence efficacy outcome, this l

factor was dropped and the analysis was rerun without this term. Using this model,

the dose effect for Ferrlecit administration was significant at each time point —L
(Days 19, up 1o 40, and up to 60) for each efficacy variable and for both the e
intent-to-treat data set and the retrospective subset of patients with stable rtHUEPO “
dose. Results are summarized in Table 14, These data are striking, in light of the

known effectiveness of rHuEPO and the relatively high doses of rHUEPO that many

patientsin the study were on. Further, all results indicated a'more favorable clinical 1:%'

response following high-dose Ferrlecit treatment as compared to low-dose treatment.
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Table 14. Analyses of Confounding Factors (Dose-Control Phase)
Changes in Hemoglobin and Hematoctit from Baseline through Days 40 and 60

Least Square Estimates

- 500 mg 1000 mg p-values*
Bfticacy Brnd- Baseline Baseline rfulkPO
Dats Set Variable Point n_LSMEAN SE  LSMEAN SE Efficacy rHuRPO Center ™Y Change+
Intent-to-treat HGB ﬁy 19 ” 0.17 .21 0.7 0.32 «0.001 G.749 0.019" 0.00¢ 0.421
Patients Day 40 13 0.34 0.20 0.9¢4 0,22 <0.001 0.451 0.0%¢ 0.004 0.135
Day 69 9 0.57 0.22 1.12 0.23 0,001 0.192 0.427 0.020 0.301
HCT Day 1% 3 0.73 D0.63 .21 0.6% «0.00% 0.5¢5% ¢.001' 0.006 0.354
Day 40 3 1,70 0.61 1.46 0.64 <0.001 0.38¢ . 0.027' 0.008 0.251
Day 60 83 1,81 o.66 331 0.60 «<0.001 0.095 0,290 T 0.038 0.353
Stable-rHulpPo H3B Dey 1% 61 0.45 0.14 0.91 0.1% <0, 001 0.417 g.508 N H m?
Patients Day 40 €1 .51 0.19 1.1 0.17 «0.001 0.228 0.522 0.008 NA
Day &3 1 0.50 0.20 1.19 0.19 <0.00]1 0.133 0.607 0.011 NA
HCT Day 19 €1 1.50 ©0.47 2.9 0.43 «0.00} 0.244 0.1%4 0.02% HA
Day 40 §1 2.06 0.5% 3.%0 0.51 «0.001 0.137 0.23¢ 0.013 NA
Day €0 61 1.51 D.61 .42 0.56 <0.00% 0.031 0.993 0.020 MA

* p-values were from an ARCOVA.

4+ This was categorited as: -lwdecressed dose, 0s=no change, and +Li=increased dose. .
# The trestment mean varied significantly scross center, However, there were no significent interactions between treatment

and center, s0 the treatment difference remained the same,

§ WA = Mot Applicable.
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Table 15. Analyses of Confounding Factors (Historical (oral-dose) control Phase)
Changes in Hemoglobin and Hematocrit from Baseline through Days 40 and 60

Least Square Estimates

500 mg 1000 mg Control p-vnluei'
Efficacy #nd- 500 vs. 500 va. 1000 vs. Baseline Baseline rHUEPQ
Data Set Variable Point n LSMEAN SE LSMEAN SE LSMEAN SE 1000 Control Contrel Bfficacy riHuEPO TMT Changes+
Intent-to-treat HGB Day 40 197 0.2% 0.1% 0.92 0.20 O.18 0.27 0.002 0.662 0.001 <0.001 0.013 0.001 0.229
Patients Day €0 108 0.69 0.21 1.26 0.22 0.34 0.30 0.022 0.263 0.002 «0.001 0.145 0.004 0.4907
HCT Day 40 107 1.2 ©.57 3.15 0.50 0.4% 0.79 0,003 0.301 «0.001 <0.001 0.011 <0.001 0.49)

Day €0 108 1.81 0.6) 3.36 0.54 0.40 D0.8% 0.034 0.12% 0.001 <0.001 0.021 0.002 0.433

.19 0.004 0.08¢ o©.00S «0.00% 0.03% 0.00) nal

Stable-rHuEPD HaB Day 40 45 0,46 0.18% 1.16 0.15 0.42 0
Patients Day 60 86 0.57 0.21 1.29 0.18 ©.33 0.23 ¢0.012 0.460 0.002 «<0.001 0.16S g.003 NA
HCT Day 40 ” l.TC. 0.52 3.53 0.45 0.94 0.%¢ 0.011 0.300 6.001 «0.001 0.01) 0.9001 HA

Day 60 86 1.46 0.63 3.38 0,54 0.)8 0.66 0.022 0.24% ©0.901 <0.001 0.021 0.002 WNA

* p-values were from an ANCOVA.
+ This was categorized as: -lsdecreased dose, Osno change, and +1sincreased dose,

# NA = Not Applicable.
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84.2 STATISTICAL/ANALYTICAL ISSUES
8.4.2.1 Adjustments for Covariates

For the historical (oral-dose)control phase, efficacy variables were analyzed by using
ANCOVA, with the baseline efficacy variable as the covariate. For the dose-contro}
and the historical (oral-dose) control phases, possible influence of baseline rtHuEPO
dose on change in efficacy variables was also analyzed by using ANCOVA, with
bascline rHUEPO dose as the covariate,

8.4.2.2 Handling of Dropouts or Missing Data

For efficacy analyses, the last observation was carried forward when data were
missing,

8.4.2.3 Multicenter Studies

This was a multicenter study involving 4 sites. The dose-control phase was
performed at 3 sites (University of California at Los Angeles Medical School, Los
Angeles, CA, Hennepin County Medical Center, Minneapolis, MN, and Victoria
Hospital, London, Ontario, Canada), and the historical (oral-dose) contro] phase was
performed at the University of Colorado Health Sciences Center, Denver, CO.

8.4.2.4 Multiple Comparison/Multiplicity

Only 1 primary efficacy variable was analyzed per study phase, by using 1 primary
analysis. No adjustments for multiplicity of testing were necessary.

8.4.2.5 Use of an “Efficacy Subset” of Patients

value after baseline (Table 2). The data set did not include Patients 4, 116, 120, 311,

»

&nd 335, who discontinued during the study, because only baseline variable data were
available for these patients.

In the historical (oral-dose) control phase of the study, efficacy analyses were
performed on data from the §3 patients in the dose-control phase plus the 25 patients
in the historical (oral-dose) control group, for a total of 108 patients.

In both phases of the study, efficacy analyses were also per_fanned on the per-
protocol data set, which did not include 5 patients who discontinued the study,

SR
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3 patients who did not meet inclusion criteria, and 22 patients whose rHuEPO dose
changed during the study (including 1 patient who did not meet inclusion criteria).

Analyses of confounding factors were performed on the intent-to-treat data set and
on data obtained from patients whose rHUEPO dose did not change during the study.
An analysis of change in hemogiobin was performed on data from patients who met
the definition of “responder” (see Section 6.8).

8.4.2.6 Examination of Subgroups

843

B.4.4

Results of mean changes in hemoglobin for the intent-to-treat patients in the dose-
control and historical (oral-dose) control phases of the study were analyzed by using
ANOVA models that included the subgroupsof race (white or other), gender, and age
category (<51 years, 51-65 years, and >65 years for women, <65 years or >65 years
for men).

TABULATION OF INDIVIDUAL RESPONSE DATA

The listing of primary and secondary efficacy variable results “by individual patient
is in Appendix 13.2.2.

EFFICACY CONCLUSIONS

Treatment with high-dose (1000 mg) Ferrlecit significantly improved hemoglobin
and other hematologic indicators of ancmia in ESRD patiemts on chronjc
hemodialysis when compared with low-dose Ferrlecit treatment and when compared
with oral iron treatment, Treagment with low-dose (500 mg) Ferrlecitenhanced some
blood parameters of study patients, but to a lesser degree than high-dose treatment.

In the analysis of intent-to-treat and per-protocol patients, mean changes in
hemoglobin and hematocrit were similar between the data sets for both dose groups,
indicating that the inclusion of protocol violators in the intent-to-treat group did not
significantly affect study results. Similarly, comparison of the intent-to-treat group
with the stable-rHuEPO group indicated that change in rHuEPO dose did not
significantly impact results of Ferrlecit-treatment comparisons.

Further, the iron-deficient anemic patients in this study failed to reach clinically.
appropriate target hematocrits, notwithstandingtreatment with 1.0 gram of Ferrlecit,
and continued to demonstrate signs of residual iron deficiency up to Day 60. In
short, this study, as supported by other clinical data in the_medical literature,
demonstrates that patients meeting entry criteria remain iron deficient following the
administration of 1 gram of Ferrlecit, notwithstanding significant improvement in
iron deficiency and anemiaas a result of therapy. Thus, this study deronstrated that
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empiric therapy with Ferrlecit should continue after administration of | gram untij
either target hematocrits of 33-36% are achieved or any laboratory indicators of even
the smallest potential of acute or chronic iron overload are present. The latter occurs
at transferrin saturation levels of >50% or serum ferritin levels of >800 ng/mL.

The use of an historical (oral-dose)control, in which oral iron failed to be sufficiently
effective, demonstrates that intravenous sodium ferric gluconate administered at a
dosage of 1.0 gram over'8 consecutive dialysis sessions represeats the first line of
therapy for the anemic dialysis patient who develops signs of iron deficiency as
shown by a transferrin saturatitbelow 18% or a transferrin level below 100 ng/mL.

Appropriate therapy with Ferrlecitin the anemic dialysis patient with iron deficiency
should preclude the need to use increases in tHUEPO dosage to achieve increases in
hematocrit. The statistical mode] developed upon the instigation of FDA clearly
demonstrates that EPO-sparing occurred in the patientsin this study. Stated another
way, a physician could have achjeved equivalent final hemoglobin levels by either
of two pathways in the patients entered into this study: (1) administer 500 mg of
Ferrlecit and increase the rHUEPO dose by 5,000 units; or, (2) administer a full
course of 1,000 mg of Ferrlecit. In sum, both drug substances--rtHuEPO and
Ferrlecit--were shown by this study to have independent and non-covarying impacts
on improvement in hemoglobin in this patient population of chronic renal dialysis
patients with blood parameters of iron deficiency anemia, although the effect of
THUEPO was small. These data are consistent with the magnitude of the EPO.
sparing effect identified in earlier publications (43, 59, 60). Appropriate
administration of Ferrlecit has been shown by this study to eliminate the need 10
increase rHUEPQ administrationto achieve increases in hematocrits or hemoglobins.

SAFETY EVALUATION

EXTENT OF EXPOSURE

Eighty-eight patients enrolled in the dose-contro] phase and received a test dose of
25 mg Ferrlecit priorto the beginning of the study. Forty-four patients received 1000
mg Femlecit, in 8 doses of 125 mg each. Thirty-nine patients received 500 mg
Ferrlecit, in 8 doses of 62.5 mg each. Three patients discontinued the study
prematurely; one received 375 mg (6 doses of 62.5 mg each), 1 receiveda single dose
of 125 mg, and 1 received a single dose of 62.5 mg. Two patients received only the
test dose before discontinuing.
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DISCUSSION AND OVERALI, CONCLUSIONS

Ferrlecit was effective in improving hematologic indicators of anemia in chronic
hemodialysis patients. Treatment with high-dose Ferrlecit resulted in a significant
mean increase in hemoglobin from 9.6 g/dL at baseline t0 10.7 g/dL at endpoint,
which is considered a clinical improvement, although optimal levels of hemoglobin
would be 12.0 g/dL. Mean increases for hematocrit, percent iron saturation, serum

ferritin, serum iron, MCH, and MCV were also significant following treatment with
high-dose Ferrlecit. '

Treatment with low-dose Ferrlecit also resulted in a mean increase in hemoglobin
from 9.8 g/dL at baseline to 10.] g/dL at endpoint, although this change was not
statistically significant. Mean increases for hematocrit and serum ferritin were
significant with low-dose Ferrlecit treatment,

High-dose Ferrlecit was superior to low-dose Ferrlecit in improving patients’
hematologic indicators of anemia. Baseline values for hemoglobin and for the
secondary efficacy variables were similar between the 2 groups, except for percent
iron saturation, which was significantly lower in the high-dose group. Mean changes
from baseline to endpoint and mean changes over time for hemoglobin and for the
majority of the secondary efficacy variables were significantly greater for the high-
dose group than for the low-dosa group. None of the changes in efficacy variables
were higher for the low-dose group than for the high-dose group.

In the historica] (oral-dose) contro} Phase of the study, significant differences in
changes in mean hemoglobin and mean hematocrit occurred between the high-dose
group and both the Jow-dose and historica} (oral-dose) control groups, but the
differences between the low-dose group and the historical-control group were not
significant. Two of 3 study sites independently showed significant improvement in

. hemoglobin as compared to the historical (oral-dose) control. The use of an oral-

dose control, in which oral jron therapy failed to be sufficiently effective,
demonstrates that intravenous sodium ferric gluconate administered at a dosage of
1.0 gram over 8 consecutive dialysis sessions represents the first line of therapy for
the anemic dialysis patient who develops signs of iron deficiency as shown by a
transferrin saturation below 18% or a serum ferritin level below 100 ng/ml..

In comparisons of the intent-to-treat and stable-EPO data sets, mean changes in
hemoglobin and in hematocrit were similar, indicating that physician-initiated
adjustments in rHuEPO dose during the study did not appreciably influence the
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Taylor JE, et. al., “Regular low-dose intravenous iron therapy
improves response to erythropoietin in hemodialysis patiants,”
(Nephrol Dial Transplant 1996 11 1079)

In this G-month-studyy"46*st&ble hemodialysis patients were
treated with 62.5 mg of sodium ferric gluconate post-dialysis;
twice-weekly, weekly, or every two weeks, depending on their
Serum ferritin levels. The effects on hemoglobin, serum
ferritin, EPO dose, and iron dose were determined,

Of the 46 hemodialysis patients who participated in this
study, 67% were male, and the median age was 67 years. 2al}
patients had received EPO for at least 6 months, with a stable
EPO dose for at least 3 months. Patjents were excluded for
infection, malignancy, liver disease, or chronie inflammation.
All patients had ferritin levels of < 600 Bg/L, had not received
a blood transfusion in the preceding 6 months, were taking oral

iron, and had not received intravenous iron in the previous 3
months.

Patients were administered 62.5 mg of intravenous ferric
gluconate twice weekly (for a ferritin of < 100 npg/L), weekly
(for a ferritin of 100-250 ng/L), or every two weeks (for a
ferritin of 250-600 Hg/L}. Study medication was given as a slow
injection through the fistula needle at the end of dialysis. Oral
iron supplements were discontinued. EPO doses were adjusted up
or down by 30-50%, in order to maintain hemoglobin levels of 11-
13 g/dL for male patients, and 10-12 g/dL for female patients.

- Changes in hemoglobin, ferritin, EPO dose, and Ferric
Gluconate dose over a 6-month period, in 34 patients with an
initial ferritin of > 100 pg/L, are summarized below:

Changes in hamoglobin, ferritin, Tpo dose, and Farric Gluconats Dose
for Patients with an Initial Perritin of > 100 Brg/L

Pre - Pon Preferritin  Post furritin P Pou Priron Post bos
Maomaglabin  haemoglobia (e g} erythropeictin  erythropoy (mlwk)  (oaliwk)
(L:). {gM1) ) (1000 Luyjwk) (x1O00 Lyt

Media 2485 125 1% 3005 ¢ 4 s 15

l.unn 635128 .!.D-lu 103-519 121-992 1S 018 A3=1% [ 21

L 4 <0004 : «<4.000( 0.008 «0.0001

in a prespecified range.) Mean Ferric Gluconate requirements
decreased from 62.5 mg/week, to 31.2% ng /week.
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Changes in hemoglobin, ferritin, EPO dose, and Ferric
Gluconate dose over a 6-month period, in 12 patients with an
initial ferritin of < 100 pg/L, are summarized below:

Changes in heaoglobin, ferritin, EPO dose, and Ferric Gluconate Dose
for Patients with an Initial Ferritin of < 100 pg/lL

n Pont Pbeoith Postiathis Pre Port Preiros  Pottiece
bacreepichis  beomopledia (upft erytwopoictis  srpbropoiets {mlwk) (mied)
(x8) W)ﬂ. ) it (x 1000 Ly k) (= 2000 Lujork}
ndita n 2105 L N 10 b |
:‘iltl lgﬂ.’ ’ ’Ju;ll.’ g—" LI Ty 4=30 =10 50 12510
’ (1] 0.003 0.08 _ o.004

The mean hemoglobin increased from 10.1 g/dL to 11.0 g/dL.
Mean EPO requirements decreased from 9000 U/week to 6000 U/week
(Note that EPO doses were adjusted to maintain hemoglobin values

in a prespecified range.) Mean Ferric Gluconate requirements
decreased from 125 mg/week, to 31.25 mg/week.

No adverse events were reported in this study.
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PubMed medline query Page 1 of | O
G

Pubdiced “PubMead QU ERY

Other Formats: [ citation | [ REDLINE
[JOrder this document
Nephrol Dial Transplant 1995 Nov;10(11):2070-2076

Importance of iron supply for erythropoietin therapy.

Sunder-Plassmann G, Horl WH _ '
Department of Medicine, University of Vienna, Austria.

BACKGROUND. rHuEpo and iron therapy corrects renal anasmia. However, dosage, route of
administration, and monitoring of iron and tHuEpo therapy in uraemic patients remains
controversial. METHODS. Therefore a 22-month i.v. iron substitution trial, subdivided into four
study periods, was initiated in 64 iron-depleted chronic haemodialysis (HD) patients receiving i.v.
rHuEpo therapy. Within the first period (6 months) patients were treated with high-dose iron (100
mg at the end of HD treatment, mean cumulative i.v. iron saccharate dosage was 2538 +/- 810 mg
per patient) in order to replete the iron stores. During the 2nd period (6 months) the available iron
pool was maintained with low-dose iron by administration of 10, 20, or 40 mg iron at each HD,
depending on haemoglobin, serum ferritin and transferrin saturation levels. During the 3rd period (4
months), the iron-replete patients were randomized to i.v. or 5.c. route of rHuEpo administration.
During the 4th period (3 months) iron substitution was omitted to exclude severe iron overload.
RESULTS. In the first study period, high-dose iron therapy dramatically reduced the weekly rHuEpo
requirement by 70% of the initial dose (from 217 +/- 179 to 62.6 +/- 70.2 U/kg/week). In the 2nd
period iron storage pools were easilv maintained. Serum ferritin and transferrin saturation levels
remained stable during this study period. Randomization for thrice-weekly i.v. or s.c. administration
of THuEpo in the 3rd study period revealed comparable efficacy for both administration routes in
iron-replete patients. In well-nourished patients (serum albumin > 40 g/l) without
hyperparathyroidism (parathyroid kormone levels < 100 pg/ml), 50-60 U/kg/week rHuEpo were

saturation levels, indicating the absence of severe iron overload. CONCLUSIONS. Long-term
thrice-weekly i.v. low-dose iron therapy (10-20 mg per HD treatment) proved to be a vary effective,
economical and safe treatment schedule for iron-replete HD patients. Intravenous and s.c. tHuEpo
therapy was equally efficacious in irqn-ri:plcte, well-nourished patients. HD patients with increased

Publication Types:

Clinical trial
* Randomized controlled trial

PMID: 8643170, UL: 96227346 ‘“
| See )the above report in [Mecintoa] ) [fed T} format
m documents on this page through Loansome Doc

4/28/98 1:01:39 PM
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Nephrol Dial Transplant 1996 Feb;11(2):319-322

Economic appraisal of maintenance parentera!l iron
administration in treatment of anaemia in chronic .
haemodialysis patients. - -

Sepandj F, Jindal K, West M, Hirsch D

Division of Nephrology, Department of Medicine, Dalhousie University; Halifax, Nova Scotia,
Canada. : :

BACKGROUND. Iron deficiency is common in haemodialysis patients and adequate
supplementation by the oral or parenteral route has been limited by drug side-effects, absorption, and
cost. Intermittent doses of intravenous iron dextran complex are recommended in patients with
inadequate iron stores despite maximal tolerated oral dose. We conducted a prospective study with
economic analysis of a regular maintenance intravenous iron regimen in this group of patients.
METHODS. Fifty patients comprising one-balf of our haemodialysis population required
intravenous iron treatment, i.e. they failed to achieve an arbitrary goal serum ferritin 100 microg/l
despite maximal tolerated oral iron dose. Afler a loading dose of intravenous iron dextran complex
(TV-FeD) based on Van Wyck's nomogram (400+/-300 mg) they received a maintenancedose of
100mg IV-FeD once every 2 weeks. Initial goal serum ferritin was set at 100-200 microg/l. If no
increase in haemoglobin was achieved at this level, transferrin saturation was measured to assess
higavailable iron, and when less than 20%, goal serum ferritin was increased to 200-300 microg/l.
Recombinant human erythropoietin (tHuEpo) was used where needed to maintain haemoglobin in
the 9.5-10.5 g/l range only if ferritin requirements were met. Results. Mean haemoglobin rose from
87.7+/-12.1 to 100.3+/-13.1 g/1 (P<0.001, Cl 7.7-17.9) at mean follow-up of 6 months (range 3-15
months). In patients on rtHuEpo, dose per patient was reduced from 96+/-59 wkg per week to
63+/-41 w/kg per week, representing a 35% dose reduction (P<0.05, Cl 1-65). An annual cost
reduction of $3166 CDN was projected; bowever, in the first year this is offset by the cost of the
loading dose of IV-FeD required at the beginning of treatment. No adverse reactions were
encountered. CONCLUSION. Iron deficiency is very common in our haemodialysis population,
especially in those patients receiving rHuEpo. A carcfully monitored regimen of maintenance
parenteral iron is a safe, effective, and economically favourable means of iron supplementation in
patients with insufficient iron stores on maximum tolerated oral supplements.

PMID: 8671786, Ul: 96325190

m the above report in [Maanios] | fTex | | format
m documents on this page through Loansome Doc o
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SUMMARY AND CONCLUSIONS

Two sponsor-conducted studies were submitted to support the
approval of Ferrlecit as “first line treatmant for iron
deficiency anemia in renal hemodialysis patients on supplamental
recombinant human erythropoietin”: studies $600-01 and 5600-03.

Study 5600-01 was a 3-center, randomized, open-label, _
historically-controlled, comparative study of a high- and low-
dose i.v. Ferrlecit regimen, in 108 iron-deficient chronic
hemodialysis patients. Study 5600-03 was a single-center, non-
randomjzed, open-label, variable-dose, compassionate-use,
historically-controlled study of the use of i.v. Ferrlecit in 63
iren-deficient chrenic hemodialysis patients. Additional
studies, including 252 Ferrlecit-treated patients from the
published literature, and postmarketing information from Europe,
were also submitted to support the safety and ‘efficacy of

Ferrlecit in chronic renal dialysis patients.

Summary of Study 5600-01

Study 5600-01 was a 3-center, randomized, open-label,
historically~controlled, study of the safety and efficacy of 500
mg (low-dose) and 1000 mg (high-dose)} of Ferrlecit® in iron-
deficient hemodialysis patients. Study medication was given in 8
divided doses, during B sequential dialysis sessions (or a period
©of 16 to 17 days). The pPrimary endpoint was the change _in

hemoglobin from baseline to the last available observation
- “through Day 40.

Eligibility for this study (including protocol amendments)
included chronic hemodialysis patients with a hemoglobin below 10
100 ng/mL or iren saturation below 18%. Exclusion criteria
included significant underlying disease or inflammatory
conditions, or an EPO requirement of greater than 10,000 units
t.i.w. Parenteral iron and red cell transfusions were not
allowed for 2 months prior to,” and during the study. Oral iron
was not allowed for Ferrlecit-treated patients.

The historical control pPopulation consisted of 2% chronic
hemodialysis pPatients associated with the University of Colorado
Health Sciences Center. Due to drug unavailability, intravenous

however “many of the pPatients received blood transfusions before
the beginning of the study”. All patients received oral iren
Supplementation throughout the Study, although dose and patient
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compliance wére'not”monitored. Safety data was not collected,

The intent-to-treat Population consisted of 39 patients in
the low-dose Ferrlecit group, 44 patients in the high-dose
Ferrlecit group, and 25 historical control patients. Three
Patients in the low-dose group were enrolled but did not meet the
inclusion criteria (hemoglobin or ferritin levels were too high).

A total of 5 patients were withdrawn from the study. Two
discontinued for logistic reasons. One patient was withdrawn
after development of pruritis and chest Pain following the test
dose. One patient in the high-dose group was withdrawn following
the development of nausea, abdominal“pain,'fiank pain, fatigue,
and rash following the first treatment dose. One patient in the
low-dose group was withdrawn after the development of a “red
blotchy rash” following the first treatment:- o

Ten EPO dosage changes occurred during the course of study
drug administration: 4 patients had increases, and 2 patients had
decreases in their EPO doses in the low-dose group; and 3

patients had increases, and 1 Patient had a decrease in their EPO
doses in the high-dose group. '

Fourteen EPO dosage changes occurred after the
administration of Study drug: 6 patients had increases, and 2
patients had decreases in their EPO doses in the low-dose group;
and 2 patients had increases, and 4 Patients had decreases jn
‘their EPO doses in the high-dosge group, T
. Thus, the pPer-protocol population consisted of 24 low-dose
Ferrlecit patients, 35 high-dose Ferrlecit patients, and 25
historical contrel patients. These numbers represent 59%, 78%,
and 100%, of the intent-to~treat low-dose, high~dose, and
historical control populations, respectively. ‘

Patient populations were similar with Irespect to baseline
demographics, hemoglobin, hematocrit, iron studies, and red blood
cell indices, with the exception that there were more white
Ferrlecit-treated Patients, and the serum ferritin was
significantly higher in historical control patients (605.6 ng/mL
in historical control patients, compared to 105.6 ng/mL in low-
dose and 68.4 ng/ml in high~dose patients).

The mean baseline hemoglobin and hematocrit were similar
between treatment and historical contro] Patients, and were 9.6
g/dL, and 29%, respectively. :

Mean changes in hemoglobin from baseline were small (0.3
g/dL in the low-dose, and 1.1 g/dL in the high-dose intent-to-
treat patients; and 0.5 g/dL in the low-dose, and 1.2 g/dL in the




high-dose per-profoéol.patients).

Mean changes in hemoglobin from baseline, for both the
intent-to-treat and Per-protocol populations, increased within
each dose group, and were greater-in the high-dose compared to
the low-dose Ferrlecit-groups. : 3 :

When compared to the historical control, mean changes in
hemoglobin from baseline;wfor~both"tHE"intsntJto—treat and per-
protocol populations, were higher for the high-dose compared to
either low-dose or historical control patients. Mean changes in
hemoglobin-from“baseline”were“similar‘in the low-dose and '
historical control patients, - '

The observed increases in hemoglobin were supported by the
results for the hematocrit and iron studies, for both the intent-
to-treat and per-protocol patients. Specifically, serum iron,
percent iron saturation, and serum ferritin increased by 11.7
ng/dL, 8.5%, and 199.4 ng/mlL, respectively, in high-dose intent-
to-treat patients; and 10.8 ng/dL, 8.3%, and 175.1 ng/mL,
respectively, in high-dose per-protocol patients.

No treatment-by-investigator interactions were reported, and
no significant associations of age, race, or gender were found
for the observed increases in hemoglobin from baseline.

ANCOVA analyses designed to determine the effects of
confounding variables on the primary efficacy outcome, found that
the baseline hemoglobin, and dose of Ferrlecit (high-ddse > low-
fose); and NOT changes in EPO dose, had significant effects on
" the observed increases in hemoglobin. Because a significant
effect of baseline EPO dose on the change in hemoglobin was noted
in the analysis which included results from historical control
patients, an ANCOVA analysis which included the covariates of
treatment effect, baseline hemoglobin, baseline EPO dose, and
change in EPO dose, was performed. This analysis reconfirmed the
significantly greater increases of hemoglobin and hematocrit in
high-dose, compared to low-dose: or historical control patients.

The primary Ferrlecit-associated adverse events were
allergic reactions that occurred in 3 patients, and resulted in

premature study discontinuation. Available information for these
cases is shown below:




BEST POSSIBLE

. Patient Reasons for Study Discontinuatien

116 Patient withdrew after the development of pruritis and chest Pain following the
test doas of Ferrlecit.

kFB] Patient was in the high-dese group, and sxperianced nausea, abdeminal and flank
pain, fatigque, and rash following the firat dose of Ferrlecit.

33s Patient was in the low=dose greup, and sxperienced a “red, blotchy rash®
following the first dose of Ferrlscit.

The incidence of pPatients who experienced an allergic
reaction in this study was 3/83 Ferrlecit-treated patients, or
3.6%. No anaphylactoid reactions, i.e. those including
hypotension, edema, dyspnea, or cardiac arrest, were reported.

Summary of Study 5600-03 R S —

Study 5600-03 was a single-center, non-randomized, open-
label, historically-controlled, variable-dose, compassionate-use
study of the safety and efficacy of Ferrlecit in iron-deficient
hemodialysis patients. The primary efficacy variable was the
change in hemcglobin from baseline to the last available
observation through Day 50.

. Inclusion and exclusion criteria were identical to those of
' Study 5600~01, as was the historical control population. Sixty-

three patients were evaluated in this study: 38 in the Ferrlecit-
‘treated group, and 25 patients in the historical control group.
: Ferrlecit-treated pPatients were considered to have completed
"the study Per protocol, if they received at least B doses of
study medication. 2 total of 14(37%) of completed the study per
protocol. Twelve (32%) Ferrlecit-treated patients received less
than 8 doses, and 12(32%) patients had incomplete dosing .
information. Not all patients received Ferrlecit at consecutive
dialysis sessions, and many Ferrlecit-treated patients received
oral iron during the study (no further information was provided).

Overall the Ferrlecit-treated group was comprised of more:
males, males of age s 65 years, and Caucasians. The mean weight
of Ferrlecit-treated patients was 180 kg, compared to a mean
weight of 144 kg in historical control patients.

Baseline hemoglobin and hematocrit values were similar
between the treatment and control groups, and were 9.1 g/dL and
27, 3%, respectively, for Ferrlecit-treated Patients. Serum iron
studies were also similar between treatment and control groups,
( with the exception of serum ferritin, which was 606 ng/mL for
historical control Patients, compared to 77 ng/mL for Ferrlecit-




treated patients-. e e

Mean increases in hemoglobin from baseline were small, and
similar to those seen observed in study 5600-01; 0.4 g/dL in
historical control patients, and 1.3 g/dL in Ferrlecit-treated
patients. Within-in group changes in hemoglobin were
statistically significant for Ferrlecit-treated, and not
historical .control patients.

Non-statistically-significant increases in serum iron,
percent iron saturation, and serum transferrin were noted in
Ferrlecit-treated patients. -

No significant effect of age or race on changes in .
hemoglobin or hematocrit were reported. A significant treatment-
by-gender interaction was noted for female patients however:
females in the Ferrlicit-treated group had significantly greater
increases in hemoglobin and hematocrit, than females in the
historical control group). Changes in hemoglobin were not
significantly affected by baseline EPO doses.

Of the 38 patients exposed to Ferrlecit in this study, 1
patient experienced an adverse event(s) that resulted in
premature study discontinuation, required hospitalization, and
was felt by the on-site investigator to be “probably” related to
study drug. Specifically, patient $552 discontinued due to
“dizziness, lightheadedness, diplopia, malaise, and weakness”,
after receiving a total of 125 mg of Ferrlecit.

. - In summary, interpretation of the results of Study 5600-03
~.is limited by the fact that this study was a small, single-
center, compassionate-use, variable~-dose,. historically-controlled
trial. However, the results of study 5600-03 corroborate the
results of study 5600-01, and thus support the efficacy of

Ferrlecit for iron replacement therapy in chronic hemodialysis
patients,
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OTHER STUDIES TO SUPPORT THE EFFICACY OF FERRLECIT

Published Reports

. Five published Ieports were submitted to support the

N efficacy of Ferrlecit in treating iron deficiency in chronic
/ﬁq;¢m’ hemodialysis patients. These studies are discussed below.
S

Navarro JF, et. al., “Effectivenass of Intravencus Administration

' of Fe-Gluconata-Na Complex to Maintain Adequate Body Iron Storas
%A in HBemodialysis Patients,” Am J Neph 1996 16 268

UlJ This €-month study prospectively -examined the effects of the
a monthly administration of 62.5 mg of sodium ferric gluconate, on
of body iron stores in chronice hemodialysis patients.

. Fifty-eight patients were enrolled; 31 of these patients

J hdp:Lywere excluded for the following reasons: chronic hepatitis (n=8),
chroniec inflammatory diseases (n=2), intercurrent infection

Of the 27 remaining evaluable patients; half were female,
the mean age was 57 Years, and all were on hemodialysis for more

than 2 years. Sixteen (60%) patients were on a stable EPO
maintenance doses.

. Study drug was administered monthly, as 62.5 mg in- 50 ml of
-saline, given over 30 ninutes at the end of dialysis.

The results are shown below (vol. 25, P. 194). Note that
“iron stores” in the table below was calculated from the modified
formula of Cook et. al. (Nephrol Dial Transplant 1993 8 846):
iron stores (in mg) = 400 x 1n (serum ferritin in mg/L + 50)

hnmlmlmm

) 2 . 4 [
BEST POSSIBLE
Hcmndobin,ﬂdl 10.7£1.1 . 107212 107212 1061
Hematacrit % 2833 32845 325+39 32343

Ferritin, ug/t 187296 203296 2302120 1962115
Iron mores, mg 4572273 4612205 4702199 4512316

P = NS for all parametery.

No significant differences in hemoglobin, hematocrit,
ferritin, or (calculated) iron stores, were observed. No
allergic or other adverse events were reported.




——
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Taylor JE, et. al., “Regular low-dose int:av-nousﬁiéon”thcrapy
improves response to erythropoietin in hemodialysis patients,”
{Nephrol Dial Transplant 1996 11 1079)

In this 6-month study, 46 stable hemodialysis patients were
treated with 62.5 mg of sodium ferric gluconate post-dialysis;
twice-weekly, weekly, or every two weeks, depending on their
Serum ferritin levels. The effects on hemoglobin, serum
ferritin, EPO dose, and iron dose were determined, _:

Of the 46 hemodialysis patients who participated in this
Study, 67% were male, and the median age was €7 years. Al} _
patients had received EPo for at least ¢ months, with a stable
EPO dose for at least 3 months. Patients were excluded for
infection, malignancy, liver disease, or chronic inflammation.
All patients had ferritin levels of < 600 ng/L, had not received
a blood transfusion in the preceding 6 months, were taking oral
iron, and had not received intravenous iron in the previous 3

Patients were administered 62.5 mg -of intravenous ferric
gluconate twice weekly (for a ferritin of < 100 pg/L}, weekly
(for a ferritin of 100-250 ng/L), or every two weeks (for a
ferritin of 250-600 ng/L). Study medication was given as a slow
injection through the fistuyla needle at the end of dialysis. Oral
iron supplements were discontinued. EPO doses were adjusted up
or down by 30-50%, in order to maintain hemoglobin levels of 1li-
13 g/dL for male Patients, and 10-12 g/dL for female patients.

- Changes in hemoglobin, ferritin, EPO dose, and FefEic

- “Gluconate dose over a 6-month period, in 34 patients with an
"initial ferritin of > 100 pg/L, are summarized below:

Changes in hanoglobin, ferritin, Xpo dose, and Farrice Gluconate Doss
for Patients with an Initial Perritin of > 100 ng/L

Pre - Pont Pre orvita  Post fariin P Pon Prelron  Pont bron

Rhaomaglobin hasemoplobi tugN) ) erythropeictin erythropoietia (mlfwk)  (elpwk)
(za) ¢ () " b (%1000 Lujek) (%1000 Lufwk)
Median .85 1128 17% 0us [ 1 4 H 25
Ran £5-11% ’ 13-y 121-m =13 0=18 21.35-10 0-5
4 * <o.oa6’:- 133 : <0.0001 uos <0.000)

BEST POSSIBLE

The mean hemoglobin increased from 9.8 g/dL to 11.3 g/dL.
Mean EPO requirements decreased from 6000 U/week to 4000 U/week
that EPO doses were adjusted to maintain hemoglobin values

in a prespecified range.) Mean Ferrijc Gluconate requirements
decreased from 62.5 mg/week, to 31.25 ng /week




Changes in hemoglobin, ferritin, EPO dose, and Ferric
Gluconate dose over a 6-month period, in 12 patients with an
initial ferritin of < 100 ng/L, are summarized below:

Changes in hemoglobin, ferritin, LPO dose, and Ferric Gluconate Dose
for Patients with an Initial Perritin of < 100 »ng/L

Mm Post Prefarith Ponifenvits P Post Preiron  Poit koo
bacmogiohls  heemoglobla  (xgh oigh enthropoistin  eyhropoietia  {mlwk) (sl
(udl)' LpA) ) ) (nJ000 Lapwk) (= 1000 Lujwk)
Medne 10,08 1w o M08 ’ S 1 W FE
£3- 95-119 -6 P -&L7 4-3 2-10 =10 12810
;llll us o0 ' 0.003 0.5 0.00%

BEST POSSIBLE

The mean hemoglobin increased from 10.1 g/dL to 11.0 g/dL.
Mean EPO requirements decreased from 9000 U/week to 6000 U/week
(Note that EPO doses were adjusted to maintain hemoglobin values
in a prespecified range.) Mean Ferric Gluconate reguirements
decreased from 125 mg/week, to 31.25 ng/week.

No adverse events were reported in this study.

APPEARS THIS WAY ON ORIGINAL




Pascual J, et. al., “Sodium ferric gluconate complex given
intravenously for iron deficiency in hemodialysis,” Clin Nephrol
1991 35 87

In a letter to the editor, Pascual J, et. al., reported the
results of the administration of 1 gram of sodium ferric
gluconate as 8 divided doses by slow i.v. injection to chronic
hemodialysis patients. A total of 19 patients, of mean age 50
years, were stratified into the following 3 groups: Group I - 8
patients with iron deficiency anemia; Group II - 6 patients with
anemia, iron deficiency, and concémitant treatment with
nandrolone decanoate, and Group III -~ 5 patients with iron
deficiency with a pooxr response to EPO. Results for hemoglobin
(Hb) and serum ferritin (SF) values are shown below:

Groap Befure i.v. iron Alier v fron®ee:
‘ . 1 munth 3 months & months
t Hb (grlly 7T 204 L4209 19213 1)
SE (pflyee 23 (14-43) 1Y (R7-26)) 163 (207.361) 111 (92-329)
n Hb (gadly* 4206 L2008 3224 2621
SF up/t)ee 2(17-37) £30 (45382) 1 (124-370) 199 (151-392)
[{]} Hh (grdl) 5% 14 10,7 £ 28 H2t16 W3 £27
ST (npftyss 26 (20-39) 193 (58-1040) 2t) (80--291) 154 {115-927)

* = Arithmetic mean £ SD), ** = Geometric means {range), *** = All values higher with respect 10 basal ones (p <Q.05, puired t-test)

IBEST POSSIBLE

. Increases in hemoglobin were seen for all three groups, with
the greatest increase in Group III patients. Serum ferritin
increased in all groups up to 3 months, then declined. The
authors concluded that “iron deficiency will become an increasing
problem as erythropoietin is used more widely, unless.

prophylactic iron is administered i.v. when serum ferritin falls
below adequate levels.”

No adverse events were reported.

APPEARS THIS WAY ON ORIGINAL




Pascual J, et. al., 61;&;;;;;;;;.i;-ﬁiﬁoonafo-un'fo: Iron-~
Deficient Patients on Hemodialysis,” Nephron 1992 60 121

In a letter to the editor,- Pascual-J, et. al. reported the
results of a total of 59 hemodialysis patients with a baseline
Serum ferritin of <‘50mng/nlr-tteatedmwith-}-gram-of Ferrlecit,
given as 8 divided doses. The results of the first 19 of these

patients was described in a publication by Pascual J et. al.
(discussed above).

Forty additional patients completed 6 months of follow-up:
Group I - 18 patients with iron-deficiency anemia, Group II - 10 *
Patients with iron-deficiency anemia and concomitant nandrolone
decanocate therapy, and Group III ~- 12 patients with iron-

deficiency anemia associated with erythropeietin therapy. The
results are.shown below: .. .. ... . .

Group | Omoupll ™~ Geowpll] - -
Sex (M/F) "9 17 6
Age, year 3612 5827 Qs
Titne on HD, montiy LIE 3} nxys Mrat
Hemoglobin, g/dl
Razal 27+18 L7+18 Sd4+li
J moths* 1018 10327 HEIF)
& moaths* 99+1.7 o222 9317
Serrum ferritin, ng/ml
Bazal el F- P! ‘T
: 1 month** 152 1871 16722
) 3 monthyse 102 10322 19£2 -
. § months > 1082 12 149%2
Positive nisponsss 1518 “ o0 i
MMumWnu&nﬁemtSﬂmt«mfmﬁnw
mean 25D of log). .

. p<mnithmumu(p|u:m
i pcmmmnmmwtm

BEST POSSIBLE

Hemoglobin and serum ferritin increased in all groups up to
3 monthsf then began to decrease. The authors concluded that,
“we obtained eéxcellent repletion of iron stores and increased

hemoglobin with (Ferrlecit) in our severely iron-deficient
population.”

Three patients experienced serious adverse events in this

;;T?y, and are described below (Nephrol Dial Transplant 1992 7

A 36'year—old male hemodialysis pPatient had a hemoglobin of 6.7 g/dL and
serum ferritin of $3 ng/ml; he was given i.v. ferric gluconate {1l gram divided




into 8 post-hemodialysis doses). A few minutes after the first slow injection
of 125 mg, he experienced malaise, heat, vomiting, and loin pain, lasting 5-6
minutes. No hypotension was noted. After the next dialysis session, another
i.v. ferric gluconate infusion was attempted, but the adverse reaction
reappearesd and the treatment was withdrawn.

A 55 year-old femsle hemodialysis patient with a hemoglobin of 10.7
g/dL, and a serum ferritin of 12 ng/ml was started on i.v. ferric gluconate.
After the first and second doses, the patient experienced intense epigastric
Pain lasting 3-4 hours, and no further doses were adninistered.

A 50 year-old woman on hemodialysis was receiving BOU/kg i.v. of EPO,
and had a hemoglobin of 9.7 g/dL and serum ferritin of 22 ng/ml. Immediately
following a slow infusion of 125 mg of ferric gluconate, an anaphylactoid
reaction, characterized by severe hypotension, parasthesjias of lips, fingers,
and genitalia, without respirstory arrest, occurred. This reaction resolved

after 1 hour.
APPEARS THIS WAY ON ORIGINAL




Allegra V et. al., "Iron Deficiency in Maintenance Hamodialysis
Patients: Assessmant of Diagnosis Criteria and of Thraee Diffarent
Iron Treatments,” Nephron 1991 57 175

In this study, the effect of 2 oral and 1 intravenous iron
preparations, on hemoglobin, hematocrit, iron studies and red

blood cell indices, were compared in maintenance hemodialysis
patients. -

A total of 72 maintenance hemodialysis patients of mean age
51 years, on hemodialysis for a mean of 57 months, were studied.
Patients underwent hemodialysis three times a week. Patients
with chronic inflammatory diseases,'hepatitis;‘bleeding, or
patients taking androgens, were excluded from the study. No

patients had received a blood transfusion for the previous 3
months.

Patients were divided into 3 groups, based on their baseline
serum ferritin values: Group A; > 191 ng/ml, Group B; 19 to 191
ng/ml, and Group C; < 19 ng/ml. Each of these groups was further
divided into 3 treatment subgroups: 1) oral Fe-ferritin; 67.5
mg/day of Fe+3, 2) oral Fe-chondroitin sulfate; 60 mg/day of
Fe+3, or 3) i.v. Fe-Gluconate Sodium; 31 mg of Fe+3 at the end of
each dialysis session. Patients received iron for a total of 6

months. Follow-up was continued for 6 months after ending iron
therapy.

The rate of “positive” hemoglobin responses at 6 months are
-shown in the table below. Note that a “positive” response was
- *defined as an increase of 2 15% of the baseline value,

Group A Group B Group C
Treatment 1 0/5 (0%} 2/10(20%) 1/7i14w)
Traatment 2 0/5{0%) 1/76(17%) 3/7143w)
Treatment 3 O/7{08) 5/11(45%) 10/16 ({634}

BEST POSSIBLE

Note that for all iron preparations (Treatments 1 - 3),
greater increases in hemoglobin were seen for patients with lower
baseline serum ferritin values. The greatest increases were seen
for i.v. Ferric Gluconate, compared to the two oral iron
Preparations. Hemoglobin and serum ferritin responses for
Patients who received i.v. Ferric Gluconate, AND had baseline
serum ferritin values of < 191 ng/ml (i.e. Groups B and C of
Treatment 3 Patients) are shown below. Note that study
medication was stopped after 6 months. o

APPEARS THIS WAY ON ORIGINAL




No adverse events
Gluconate in this study

were reported with the use of i.v. Ferric

APPEARS THIS WAY ON ORIGINAL




Summary of Published Reports
to treat iron deficiency in chronic hemodialysis patients is
shown below (Table 16, vol. 21, Pp. 45-6). ‘

Bummary Table of Published Reports of the use of Ferrlacit
in Chron.ig Hemodialysis Patiants

Btudy Patients trested -Beas of Po~glucenaty obin Sarem Percitin
with e~ MI happense | (A7) wg/L) Rnspesse
Slstoaate - o

Navarre, at al. n 37iep (52, Sy /nonth Malatained ot starcisg Stable thresghout

for ¢ mathy) level (1]) tuay

’ . -Baseling Mean: 10.7 Baseline Maas: 19?7
BEST POSSIBLE L : € month masn: 18,4 ¢ month Mean: 196

Taylor, ot al. % ) A23mg/me, 62.3 e w/ sarmal SF at Pts v/ mormal SF at
: ng/we, ot §1.5 Aaseline Badeling
- my/foreaipht fer & aL: .08 a1
monthy - € moy 11.28 € me: 3.8
PEe w/ Lew SF at Baseline Pto v/ dow BF &t
M 10,08 Sasnline
¢ s 11,00 B 6
) ¢ mo: 210.3
Pancual, ot al. 40 1000my 112%mg 4 @ L RN ) I MY
. diatysis sessioms) g 9. ¢ mo: 108
I AL 0.7 I1 BL: 39
€ mo: 10.2 € mo; 113
3L ML B4 III aL: 27
LR TN 6 mo: 149
Pascual, et al. 1y 1000mg (11%g ¢ & I Bt 7.y I M
Ailysis sasvinng) ¢ mot 0.8 4 mo; 111
IX b 6.4 I1 aL: a0
G mo: 9.8 ¢ mor 197
I1IF MLt 8.3 IIX Bi: 24
§mo: 10.3 6 mo: 164
. Mlagro, et al. 3¢ Iimg/dislytic 13/34" responded (2184 Initial rapig mmd
- a::uu ter € o Aacraase from aL, significant imcreass,
- incleding 5 who hed mot followed by nlow
.. Esbpended to oral iren) SetTease aftar end of
. 4l hid BL ST ¢ 19img/L) thatapy
11 20mg/dialyeie 11/1 responded, all were Gradual imcreass
sadsim for § me dten deficient at uatil Bemoglebin
Bsialing stabilised, then

Tt = Patimaey

Was ased an serwm farritis leval } '
o Pyl 13 mdm-ﬂumﬂluﬁu.tmmhntnm
Thass 3¢ pta wery Compared with 40 pes reoeiving sral irom Myplemsntsy .
This rate of ToNpORSS wap significantly higher thas Sarvesponiiing rate is Pt Tedmivieg eral iren.

. h .-

Note that, in addition to the favorable hemoglobin and serum
ferritin responses, Ferrlecit was reported to decrease both the
EPO dose, and maintenance intravenous iron requirements in the
study by Taylor et. al.

Of the 177 renal dialysis patients exposed to Ferrlecit in
tpe above studies, 3 experienced serious adverse events (Nephrol
D1§1 Tranplant 1992 7 271): 1) malaise, heat, vomiting, and loin
Pailn, which recurred on drug rechallenge and prohibited further
drug use; 2) intense epigastric pain lasting 3-4 hours, which
ITeécurred on drug rechallenge, and Prohibited further drug use,
and; 3) an anaphylactoid rezction,

APPEARS THIS WAY ON ORIGINAL ;




ATTACHMENT 10

APPEARS THIS WAY ON ORIGINAL




(10

113 Abdominal pain 1150 wmg
27T N Malaise - -

116 Transiant hypotansion 1007.5 mg
€N Nausea and vomiting

118 Flush 1087.5 mg
ar

127 Swesating 1025 myg
64 r

126 Flatulence 775 ng
TR

' BEST POSSIBLE *
Nissenson Study -

Dr. Allen Nissenson treated 4 patients with a documented
anaphylactic reaction to iron dextran, with Ferrlecit. One of
these was patient #141 of study 5600-01, and was treated without
incident. The characteristics and outcomes of the remaining four
patients are shown below (vol. 22, p. 50}). No adverse events
were observed in these patients.

Adverse Events in Patients with a Previous Anaphylactic Reaction
to lron Deaxtran

Fatiant Mumber

Variable 102 101 104 103
Deoxctran Anaphylaxis Anaphylaxis S0R, cheat Apaphylaxis
Reaction pain,
hypotension -
b 2ge (71 24 53 &
Gandar Male ) Nale Tamale Male
Rriology CNF Disbetes Qlemarulonsphei Alport‘s Diadetas
tim Syndrome

Total Farrlecit $00 mg 1000 mg 200 ng 1000 mg
Muinjistrations | ] ) )
Datas 10/2 /96~ 9/16/96- 10721796~ 10/21/%6~

12712796 1/2079%% 12724 /96 12724/%¢
AR Robe Bons None None
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DESCRIPTION:

ti*i*i***t**i***t*****i**************************

* *
*  WARNING =~ ' T S L *
* THE PARENTERAL USE OF COMPLEXES OF IRON AND ~*
* CARBOHYDRATES HAS RESULTED IN ANAPHYLACTIC- *
* TYPE REACTIONS. DEATHS ASSOCIATED WITH SUCH ~
* ADMINISTRATION HAVE BEEN REFORTED. *
* -THEREFORE, INFED SHOULD BE USED ONLY IN *
* THOSE PATIENTS IN WHOM THE INDICATIONS HAVE *
* BEEN CLEARLY ESTABLISHED AND LABORATORY *
* INVESTIGATIONS CONFIRM AN IRON DEFICIENT *
: STATE NOT AMENABLE TO ORAL IRON THERAPY. :
* *

*****t**i****&*i**********tt*******************

INFeD (iron dextran injection, USP) is a dark brown, slightly viscous sterile

liquid complex of ferric hydroxide and dextran for intravenous or intramuscular

use.

Each mL contains the equivalent of 50 mg of elemental iron (as an iron dextran

complex), approximately 0.9% sodium chloride, in water for injection. Sodium

hgdroxide and/or hydrochloric acid may have been used to adjust pH. The pH of

the solution is between 5.2 and 6.5,

The iron dextran complex has an average apparent molecular weight of 165,000.
‘apeutic Class: Hematinic

' ACTIONS/CLINICAL PHARMACOLOGY:
GENERAL: RAfter intramuscular in;ection, iron dextran is absorbed from the
injection site into the capillaries and the 1¥mphatic System. Circulating iron
dextran is removed from the plasma by cells of the reticuloendothelial system,
which split the complex into its components of iron and dextran. The iron is
immediately bound to the available grotein moieties to form hemosiderin or
ferritin, the Ehysiological forms of iron, or to a lesser extent to transferrin.
This iron which 1is subject to physiological control replenishes hemoglobin and
depleted iron stores.

Dextran, a polyglucose, is either metabolized or excreted. Negligible amounts of
lron are lost via the urinary or alimentary pathways after administration of
iron dextran. : :
The major portion of intramuscular injections of iron dextran is absorbed within
72 hours; most of the remaining iron is absorbed over the ensuing 3 to 4 weeks.
vVarious studies involving intravenously administered 59Fe iron dextran to iron
deficient subjects, some of whom had coexisting diseases, have yielded half-life
values ranging from 5 hours to more than 20 hours. The S5-hour value was
determined for S9Fe iron dextran from a study that used laboratory methods to
Separate the circulating 59Fe iron dextran from the transferrin-bound 59Fe. The
20-hour value reflects a half-1ife determined by measuring total 59Fe, both
circulating and bound. It should be understood that these half-life values do
not represent clearance of iron from the body. Iron is not easily eliminated
from the body and accumulation of iron can be toxic.

] INDICATIONS AND USAGE:
Intravenous or intramuscular injections of iron dextran are tndicated for
treatment of patients with documented iron deficiency in whom oral

CONTRAINDICATIONS:;

Hypersensitivity to the product. All anemias not associated with iron
deficiency. , '




WRARNINGS:

t**i**t***t****tt**itii*w*ti****i*******ii***i***
{ *

*  WARNING *
* THE PARENTERAL USE OF COMPLEXES OF IRON AND *
* CARBOHYDRATES HAS RESULTED IN ANAPHYLACTIC- +
* TYPE REACTIONS. DEATHS ASSOCIATED WITH SUCH «*
* ADMINISTRATION HAVE BEEN REPORTED. *
* THEREFORE, INFED SHOULD BE USED ONLY 1IN *
* THOSE PATIENTS IN WHOM THE INDICATIONS HAVE «
* BEEN CLEARLY ESTABLISHED AND LABORATORY *
* INVESTIGATIONS. CONFIRM AN:IRON. DEFICIENT. *
Y STATE NOT AMENABLE.TO ORAL IRON THERAPY. *
» -

***i*****i****ﬁ**i*i****t*t*’***i*****'**********
. »

A risk of carcinogenesis may attend the intramuscular injection of )
iron-carbohydrate complexes. Such complexes have ‘been found under experimental
conditions to produce sarcoma when large doses or small doses injected :
repeatedly at the same site were given to rats, mice, and rabbits, and possibly
in hamsters. -

The long latent period between the iniection of a potential carcinogen and the
agpearance of a tumor makes it imposs _ i i

There have, however, been several reports in the literature describing tumors at
the injection site in humans who hag previously received intramuscular
injections of iron~carbohydrate .complexes. . :

Large intravenous doses, such as used.with total dase.infusions {TDI), have been
associated with an increased incidence of adverse effects. The adverse effects
frequently are delayed (1-2 days) reactionsitfgified by one or more of the
following symptoms; arthralgia, backache, chills, dizziness, moderate to high
f-—~er, headache, malaise, myalgia, nausea, and vomiting. The onset is usual y
( 8 hours after administration and symptoms generally subside within 3-4 days.
L, se simptoms have also been reported following intramuscular injection and

Yy subside within 3-7 days. The etiology of these reactions is not known.

he potential for a delayed reaction must be considered when estimating the
risk/benefit of treatment.
The maximum daily dose should not exceed 2 mlL undiluted iron dextran.
This preparation should be used with extreme care in patients with serious
impalrment of liver function. o ‘ o

It should not be used during the acute phase of infectious kidney disease.
Adverse reactions experienced following administration of INFeD may exacerbate

g@rdiovascular complications in patients with pre-existing cardiovascular
isease.

' PRECAUTIONS:
GENERAL: Unwarranted therapy with parenteral iron will cause excess storage of
lron with the consequent pPossibility of exogenous hemosiderosis. Such iron
overload is particularly apt to occur in patients with hemoglobinopathies and
other refractory anemias that might be erroneously diagnosed as iron deficiency
anemias.
INFeD should be used with caution in dindividuals with histories of significant
2llergies and/or asthma. , .
Anaphylaxis and other hypersensitivity reactions have been reported after
uneventful test doses as well as therapeutic doses of iron dextran injection.
Therefore, administration of subsequent test doses during therapy should be
-considered. (See DOSAGE AND ADMINI TRATION: Administration.)

Epinephrine should be immediately available in the event of acute
hygersen51t1v1ty.reactions. (Usual adult dose: 0.5 mL of a 141000 solution, by
Subcutaneous or” intramuscular injection.) :

NOTE: Patients using beta-blocking agents may not respond. adequately to
{ \ephrtpe.tlsoproterenol Or similar beta-agonist agents may be required in

e patients.

- -dients with rheumatoid arthritis may have an acute exacerbation of joint pain
2nd swelling following the administration of INFeD.

Reports in the literature from countries outside the United States (in




particular, New Zealand) have suggested that the use of inpramuscular iron

dextran in neonates has been associated with an increased incidence of
m-negative sepsis, primaril due to E, Coli. ) )

{ )RMA%ION FOR PATIENTS: Patients should be advised of the potential adverse

's.aCtions associated with the use of INFeD. .

DRUG/LABORATORY TEST INTERACTIONS: Large doses of iron dextran (5 mL or more)

have been reported to give a brown color to serum from a blood sample drawn 4

hours after administration.

The drug may cause falsely elevated values of serum bilirubin and falsely

decreased values of serum calcium, )

Serum iron determinations {especially by colorimetric assays) may not be

meaningful for 3 weeks following the administration of iron dextran.

Serum ferritin peaks approximately 7 to 9 dags after an intravenous dose of

INFeD and slowly returns to baseline after about 3 weeks, .

Examination of the bone marrow for iron stores may not be meaningful for

prolonged periods following iron dextran therapy because residua iron dextran

may remain in the reticuloendothelial cells.

Bone scans involving 99m Tc-diphosphonate have been reported to show a dense,

crescentic area of activity in the buttocks, following the contour of the iliac

crest, 1 to 6 dags after intramuscular injections of jiron dextran.

Bone scans with %9m Tc-labeled bone seeking agents, in the resence of high

serum ferritin levels or following iron dextran infusions, have been reported to

show reduction of bony uptake, marked renal activity, and excessive blood pool

and soft tissue accumblation.

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: See WARNINGS.

PREGNANCY: Pregnancy Category C: Iron dextran has been shown to be teratogenic

and embryocidal in mice, rats, rabbits, dogs, and monkeys when given in doses of

about 3 times the maximum human dose.

No consistent adverse fetal effects were observed in mice, rats, rabbits, dogs

and monkeys at doses of 50 mg iron/kg or less. Fetal and maternal toxicity has

been reported in monke¥s at a total intravenous dose of 90 mg iron/kg over a 14

d=> period. Similar effec ] i ini i

( .ngle dose of 125 mgoiron[kg. Fetal abnormalities in rats and dogs were

Eregnant women. INFeD should be used during pregnancy only if the potential
enefit justifies the potential risk to the fetus. .
PLACENTAL TRANSFER: vVarious arimal studies and studies in pregnant humans have
demonstrated inconclusive resu.ts with respect to the placental transfer of iron
dextran as iron dextran. It appears that some iron does reach the fetus, but the
form in’'which it crosses the I'lacenta is not clear.
NURSING MOTHERS: Caution should be exercised when INFeD is administered to a
nursing woman. Traces of unmetabolized iyron dextran are excreted in human milk.
PEDIATRIC USE: Not recommended for use in infants under 4 months of age (See
DOSAGE AND ADMINISTRATION.). .

DRUG INTERACTIONS:
SEE PRECAUTIONS

ADVERSE REACTIONS:
SEVERE/FATAL: Anaphylactic reactions have been reported with the use of iron
dextran injectien: on occasions these reactions have been fatal. Such reactions,
which occur most often within the first several minutes of administration, have
been.generally characterized b sudden onset of respirator difficulty and/or
cardiovascular collapse. (See boxed WARNING and PRE AUTIONg: General, pertaining
to immediate availability of e inephrine.) )

- CARDIOVASQULAR: Chest pain, chest ti htness, shock, hypotension, hypertension,
tachycgrdla,.flushlng, arrhythmias. ( lushing and hypotension may occur from too
rapid injections by the intravenous route,) -—

DERMATOLOGIC: Urticaria, Pruritus, purpura, rash.
GASTROINTESTINAL: Abdominal pain, nzusea, vomiting, diarrhea.

WTOLOGIC/LYMPHATIC: Leucccxtosis, lymphadenopathy.

-ULQSKELETAL/SOF? TISSUE: rthralgia, arthritis (may represent reactivation
> faplents with Quiescent rheumatoic arthritis--See PRECAU IONS: General),
Tyalgia; backache; sterile abscess, atrophy/fibrosis {intramuscular injection
site); brown skin and/orxr underlying tissue discoloration (staining), soreness or

- .



pain at or near intramuscular injection sites; cellulitis; swelling;
inflammation; local pPhlebitis at’or near intravenous injection site.
0LOGIC: Convulsions, seizures,.syncope, headache, weakness,
:Sponsiveness, paresthesia, febrile episodes, chills, dizziness,
a.sorientation, numbness.
RESPIRATORY: Respiratory arrest, dyspnea, bronchospasm.
UROLOGIC: Hematuria. L
DELAYED REACTIONS: Arthralgia, backache, chills, dizziness, fever, headache,
malaise, myalgia, nausea, vomiting (See WARNINGS.),
MISCELLANEQUS: Febrile episodes, sweating, shivering, chills, malaise, altered
taste.

OVERDOSAGE;
Overdosage with iren dextran is unlikely to be associated with any acute
manifestations. Dosages of iron dextran in excess of the requirements for
restoration of hemoglobin and replenishment of iron stores may lead to

. DOSAGE AND ADMINISTRATION:

OralGéron should be discontinued prior to administration of INFeD.

DOSAGE:

I. TRON DEFICIENCY ANEMIA: Periodic hematologic determination (hemoglobin and
hematocrit) is a simple and accurate technique for monitorlng hemato

response, and should be used as a guide in therapy. It shoul

iron storage may lag behind the appearance of normal blood morphology. Serum
iron, total iron binding capacity (TIBC) and percent saturation of transferrin
? -other important tests for detecting and monitoring the ireon deficient state.
H I administration of iron dextran complex, evidence of a therapeutic response
L be seen in a few days as an increase in the reticulocyte count.
Although serum ferritin is usually a good guide to bedy iron stores, the
correlation of body iron stores and sérum lerritin may not be valid in patients
on chronic renal dialysis who are also receiving iron dextran complex.
Although there are significant varjations in bo Y build and weight distribution
among males and females, the accompanying table and formula represent a
convenieht means for estimating the total iron required. This total iron
requirement reflects the amounf of iron needed to restore hemoglobin
concentration to normal or near normal levels plus an additional 2llowance to
provide adequate replenishment of iron stores in most individuals with
moderately or Severely reduced levels of hemoglobin. It should be remembered
that iron deficiency anemia will not appear until essentially all iron stores
have been depleted. Therapy, thus, should aim at not only replenishment of
hemoglobin iron but iron stores as well.

Factors contributing to the formula are shown below.

mg blood iron = mL blood X g hemoglobin x mg iron
lb body weight 1b bodx weight mL blood g hemoglobin
a) Blood volume...,.,....... 65 mL/kg body weight
b} Normal hemoglobin
{males and emales)
over 15 kg (33 lbs)..... - 14.8 g/d1
- 15 kg (3371bs) or less..... 12.0 g/dl
Iron content of hemoglobin. 0.34

c)

d) Hemoglobin deficit —_
e) Weight

Based on the above factors, individuals with normal hemoglobin levels will

( fb?pproxlmately 33 mg of blood iron per kilogram of body weight (15

Neoz: The table and accompanying formula are applicable for dosage
determinations only in patients with iron deficiency anemia; they are not to
be used for dosage determinations in patients requiring iron replacement for




blcod loss. . S S SR

TOTAL INFED{K) REQUIREMENT FOR HEMOGLOBIN
RESTORATION AND IRON STORES REPLACEMENT*

MILLILITER REQUIREMENT OF INFED BASED ON OBSERVED
PATIENT HEMOGLOBIN OF
LEAN BODY
WEIGHT

KG LB
5 11 3 3 3 3 2 2 2 2
10 22 7 6 6 5 5 4 4 3
15 33 10 - 9 9 8 7 7 6 * 5
20 44 16 15 14 13 12 11 10 S
25 55 20 18 17 16 15 14 13 ~12
30 66 23 22 21 19 18 17 15 Y
35 17 27 26 24 23 21 20 18 17
40 B8 31 29 28 26 24 22 21 19
45 99 35 33 31 29 27 25 23 21
50 110 39 37 35 32 30 28 26 24
55 121 43 41 38 36 33 31 28 26
60 132 47 44 42 39 36 34 31 28
65 143 51 48 45 42 39 36 34 31
70 154 55 52 49 45 42 39 36 33
75 165 59 55 52 49 45 42 39 35
80 176 63 59 S35 52 48 45 41 38
B85 187 66 63 58 55 51 48 44 40
90 198 70 66 62 58 54 50 46 42
l 15 209 74 70 66 62 57 53 49 45
JO 220 78 74 69 65 60 56 52 47
105 231 B2 77 73 68 63 59 54 50
110 242 86 81 76 71 67 62 57 52
115 | 253 50 BS 80 15 70 64 595 54
120 264 94 B8 83 78 73 67 - 62 57

* Table values were calculated based on a normal adult hemoglobin of 14.8
%/dl for weights greater than 15 kg (33 1bs) and a hemoglobin of 12.0 g/dl
or weights less than or equal to IS kg (33 1lbs). .
The total amount of INFeD in mL required to treat the anemia and replenish iron
stores mag be aBgonimated as follows:
ADULTS AND CHIL N OVER 15 KG (33 LBS): See Dosage Table.
Alternatively the total dose may be calculatead:
Dose (mL) = .0442 (Desired Hb-Observed Hb) X LBW +(0.26 X LBW)
Based on: Desired Hb = the target Hb in g/dl.
Observed Hb = the patient's current hemoglobin in g/dl.
LBW = Lean body weight in kg. A patient's lean body weight (or actual body
gexght if less than lean bo ¥ weight) should be utilized when determining
osage,.
For males: LBW = 50 kg + 2.3 kg for each inch of patient's height over 5 feet
gortfemales: LBW = 45.5 kg + 2.3 kg for each inch of patient's height over 5
ee

To calculate a patient's weight in kg when lbs are known:

R A -  f—— ——. W i

2.2
CHILDREN 5-15 KG (11-33 LBS): See Dosage Table. '
( :D should not normally be given in the first four months of life. (See

-AUTIONS: Pediatric Use.)
h_-ernativelg the total dose may be calculated:
Dose (mL) = D,0442 (Desired Hb-Observed Hb) X W +{0.26 X W)
Based on: Desired Hb = the target Hb in g/dl. (Normal Hb for Children 15 kg or

BEST POSSIBLE




less is 12 g/dl.)
W = Weight in kg.
" calculate a patient'sg weight in kg when 1lbs are known:

N, Patient's weight in pounds = weight in kilograms

————-c—-———-—-c——-u-—q—-—-—--—

2.2
II. IRON REPLACEMENT FOR BLOOD LOSS: Some individuals Sustain blood losses on
an intermittent or Iepetitive basis. Such blood losses may occur Periodically in
patients with hemorrhagic diatheses (familial telangiectasia; hemophilja;
gastrointestinal bleeding) and on a repetitive basis from procedures such as
renal hemodialysis,
Iron therapy in these patients should pe directed toward replacement of the
equivalent amount of iron represented in the blood loss. The table and formula
described under I. IRON DEFICIENCY ANEMIA are NOT applicable for simple iron
replacement values. _
Quantitatjive estimates of the individual's pPeriodic blood loss and hematocrit
during the bleeding episode provide a convenient method for the calculation of
the required iron ose. L , ‘
The formula shown below is based on the agproximation that 1 mL of hormoeytic,
normochromic red cells contains 1 mg of e emental iron:

Replacement iron (in mg) = Blood loss (in mL) x hematocrit

Example: Blood loss of 500 nmL with 20% hematocrit
Reglacement Iron = 500 x 0.20 = 100 mg
INFeD dose=100 mg=2 mlL

- -

50
ADMINISTRATION:. The total amount of INFeD required for the treatment of jrop

s

deficiency anemia or iron Teplacement for blood loss is determined from the

Individygal doses °f 2 mL or less may be given on a dailg basis until the
calculated tota] amount required has been reached. INFe is given undiluted at a
mL

. G THEIR FIRST INFeD THERAPEUTIC
DOSE, ALL PATIENTS SHOULD BE GIVEN AN INTRAMUSCULAR TEST DOSE OF 0.5my. (See

of he arm or other exposed areas--and should be
-injected deeply, with a 2-inch or 3-inch 19 or BO gauge heedle. If the patient
15 Standing, he/she should be bearing his/her weight on the legq opposite the
ihJection site, or if ip bed, he/she should be in"the laterat Cesition with
injection site uppermost. To avoid injection or leakage into t e subcutaneous

;;ssue, & Z- trac technique (displacement of the skin laterally prior to
ed.

quenteral_drug products should be inspected visually for Particulate matter anc
discoloration Prior to admlnlstration, whenever the solution and container
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9.2 ADVERSE EVENTS
92.1 BRIEF SUMMARY OF ADVERSE EVENTS

Eighteen patients were hospitalized during the study; 1 of these died. None of the
- serious AEs were considered by the-investigator to be related to study drug.

Adverse events are summarized in Table15..- The majority of patients (93.8%)
experiencedat least ! AE; by treatment group the incidences of AEs were 92.7% of
patients in the low-dose group, 95.7% in high-dose group, and 92.0% in the historical
(oral-dose) contro} group (Table 16). The body systems in which the majority of”
AEs occurred were body as & whole (experienced by 61.9% of patients), .
cardiovasculardisorders (56.6%), gastrointestinal disorders (42.5%), and central and" .
peripheral nervous systems (41.6%).

The most frequent AEs experienced by patients in all 3 treatment groups were

hypotension (48.7% of patients), nausea (3] -9%), and vomiting (22.1%). All of these

Symptoms, as well as cramps, are commonly associated with hemodialysis (54).

Cramps and/or Jeg cramps (central and peripheral nervous system) were experienced

by 35 (40.0%) of the dose-control groups and by none of the historical (oral-dose)

control patient; however, muscle cramps (autonomic nervous system) were

experiencedby 17 (68.0%) of the historical (oral-dose) control patients but by none

of the dose treatment patients. Because the dose-control investigator categorizsd

cramps as central and peripheral nervous System events, while cramps for the

historical (oral-dose) control patients were categorized as autonomic nervous system

. events, we combined all categories of cramps and compared the 3 treatment groups.
o Results are in Table 162; the proportion of patients receiving Ferrlecit who
: experienced cramps was lower than the corresponding proportion of control patients.

Most events were considered by the investigator to be mild or moderate in intensity
and most were not related to Ferriecit (Appendix 13.2.3). Adverse events that were
possibly or probably related to Ferrlecit were experienced by 9 patients (#'s 102,112,
116, 117, 121, 302, 31 1,333, 335). These adverse events and the number of times
they were reported were nauses (4), vomiting (3), rash (2), and abdomina) pain, back
pain, fatigue, Syncope, cramps, agitation, menorrhagia, pruritus, chest pain,
paresthesia, and abnormal erythrocytes (1 each). .

( 9.22 DISPLAY OF ADVERSE EVENTS

Adverse events are summarized by body systcm in Table 16.

\r



LN

Table 16. Summary of Adverse Events by Body System

——e . Treatment Grouwp_,_ ___

500 mg 1000 mg Contral+ —aTotal_ .
Body System - (N = 41} (N « 47) ¥« 25} N = 113} p-values__
Adverse Event n [ ] n | ] n n ¥ S00 va. 1000
ANY BODY SYSTEM s [ 92.7) 45 { s, M) 23 [ %2.0) 106 [ %3.9} 0.861
BODY AS A WHOLE 27 | 65.9} 34 { 72,3} ’{36.0} T (61 ! p.gaa:
INJECTION SITE REACTION 13 4 36.6) 17 | 36,2) - 32 [ 20.3) 1,000
CHEST PAIN 110 2.40) 8 { 17.0} 9 { 35.0) 8 | 15.9) -0.033 >
HEADACHE 2( £.9) T (14,9} 6 [ 24.0} 15 {13.3) p.1s6
PAIN $ {12.3) € ( 12.8) - 11 { 9.7 1.000°
FATIGUE 3{ 1.3) 11 8.9 - Tl 6.2) - 1.000
FEVER 21 4.9) 21 4.3) 21 s.0)° 6 { 5.3 1.000
ASTHENIA 1{ 2.4) St 10.6) - € { 5.3) 0.209
PAIN BACK e { 0.0} 3( 6.4) 3 (12,007 61 8.3) 0.245
ABDOMINAL PAIN 1 2.4} 41 8.5) - , 51 0.4y | 0.36¢
MALAISE 30 7.0 tt 2.1} - ; 40 3% ° p9.13318
RIGORS 1 { 2.4} 2( 4.3 - . 30 2.7) 1.000
CHILLS 0 { 0.5} ¢ { 0.0} 20 0.0} 2( r0) -
PAIN ARM e{ 0.0} 20 4.3 - 10 1.9 0.497
INFECTION 1( 2.4) 10 2.1) - 20 1.9 1.000
ABORTION 11 2.0 o { o.0) - 1 { 0.9} 8.46¢
PAIN LEGS 1 { 2.9) et 0.0 . 1{ 0.9 . o.466
INFLUENZA-LIKE SYMPTOMS 1 [ 2.4) o o0.0) - 1 ( o.9) 0.46¢
INFLAMMATORY REACTION 1¢( 2.0} o ( o.o} - 1{ 0.9 0.466
ABDOMEN ENLARGED 1 { 2.4 et o.0) - 1{ 0.9) 0.46¢
HERNIA o 0.0) 1{ 2.1 - 1( 0.9 1.000
CARCIOVASCULAR DISORDERS 10 { 43.9} 23 ( 40.9) 23 { 92.0) 64 { $6.6) 0.673
HYPOTENSION 14 ( 34.1) 18 { 38.3) 2) ( 2.0 55 ( 40.7) 0.825
HYPERTENSION ) T {11.1) 10 { 21,3} - 17 { 15.0) 0.788
1 {cont {nued}

* Historical control dsta taken from Abuelo et al. (54).
+ p-value is assoclated with Fisher's Exact Tesat,
# - = Data not reported.

{Cross-reference: Appendix 131.2.3)
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